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A color toner comprising: a binder resin, and 


extender pigments. 




a colorant having an average particle diameter of 




from 0.005 to 0.30 nm, comprising: 


The color toner exhibits not only a clear hue, but also 



excellent fluidity and dispersibility of colorants. 



extender pigments; 

a gluing agent-coating layer formed on surface of 
the extender pigment; and 

an organic pigment coat formed onto the gluing 
agent-coating layer in an amount of from 1 to 500 
parts by weight based on 1 00 parts by weight of the 
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Description 



[0001] The present invention relates to a colortoner, and more particularly, to a colortoner exhibiting not only a clear 
hue, but also excellent fluidity and dispersibility of colorants exn.omng not only a clear 

5 ES HL'ir 6 "!,^ 8 ' C °' 0r Ph0t09raphs as we « as colorful documents and data have been increasingly used for 
bo h domestic and business purposes. With the wide spread of personal computers, there have been many opportu 
n. .es for directly editing color photographs and color images. When these color photographs and color images are 

10 SLnH U h POn h COl0 ^ rintin9 ' T Ct and fai,hfU ' re P roduction ° f ""ages and colors, high image quality of obtained color 
prints and h.gh-speed printers have been required. In addition, it has also been required that the printed imaq aZ Z 
can be maintained for a long period of time without deterioration 9 9 ty 

mPthnH ^° nVenti0nal color electrophotographic deveioping methods, there are known a two-component developing 
is tonl f n ° n - ma9net,c one-component developing method. In the two-component developing method respective 
« toners of cyan, magenta, yellow and black coiors are brought into frictiona, contact with a earner ? n order toTmpari an 
Z 9 *> TT 3 Si9n ° PPOSi,e t0 that ° f an Astatic latent image to the toners, and cause tnetonSto 
adhere to the latent image by electrostatic attraction force therebetween and neutralize the electric charge therebv 
developing the latent image into visual color image. As the toners used in such a developing meSod there have been 

- Sn2rZ!. C ° mP0Site PartiC ' eS ° blained ^ miXin9 diSPerSin9 ° r9aniC P j 9— tshaving 

[0005] Since the color printing is performed by overlapping a plurality of the color toners to obtain a desired color it 
is requ,red to more strictly control qualities of the respective color toners than black toner upon m^chZ^prirlina 

SSSST y reproduce a c,ear color ima9e ' Therefore ' " has been strongly required to ^CSS 

25 Es kniwnT" J' 3 ! C °' 0r t0nerS are Pr ° dUCed by b ' ending ° r9aniC pi9ments as co,ora ^ m resins. In addition 
pin a 7 t ? ■! r contam,na "magnetic particles coated with white pigments or color pigments (Japanese 
rnnS Ap P" Ca lo " Laid -°P en (KOKAI) Nos. 58-25643(1983), 60-173553(1985) and 7-90310(1995)) " 
SS JV S f k" 0 ^/"^ developing characteristics are largely influenced by the colorant exposed to the surface 

- ot^co^^^ 

KS. -co^^ — - - — contained 

LThi fin T l«f S ? nee , dS f ° r hi9h ima9S qUaNty ' there is an increasi "9 tendency that the colortoner becomes finer 
Such a fine color toner ,s also requ.red to show the same hue between the color toners by uniformly blending Colorant 
35 therein. Therefore, the colorant must have an excellent dispersibility in the toner 9 

[0010] Further; In order to obtain clear color images, the colortoner is required to act as independent particles without 
agglomeraAon. For this reason, conventional color toners ensure fluidity by adhering external additive^ a fS in 

40 ^°niihmL P i r T n H " b !f n Str0n9 ' y reqUired t0 pr0Vide colorants for color toner exhibiting excellent fluidity and 
SET !Ki ? ^ reSm - SUCh CO '° rantS SatiSfyin9 theSS Pr ° perties have not been ° bta ined yet 

L unifL^ 9amC P r entS arB US6d 38 the C ° ,0rantS| * h3S been difficult 10 rea <% obtain a color toner having 
a uniform hue because of poor dispersibility of the organic pigments in resins, and the color toner has failed to snow 
a good fluidity without addition of the external additives 

^ f?99o! itlsSrib^th 3 !" 1 APP ' iCati ° f n Laid -° pen ( KOKAI ) Nos - 58-25643(1983), 60-173553(1985) and 7-90310 
IS h J ?/ SUrfaCe °' magnetiC particles is coated witn whlte P^ments or color pigments However 

z:xiTnrJ2:zT y hide inherent hue of the masnetic particies as ^ p-**-. » - to ^sz2 

[001 4] Also, in Japanese Patent Application Laid-Open (KOKAI) Nos. 1 1 -3381 91 (1 999), 2001 -5222 and 2001-1 wo 
there are desenbed black non-magnetic composite particles comprising black iron oxide particles or black ton oxfde 
hydrox.de particles; a coating layer formed on the surface of the black iron oxide particles or black iron oxide hydroxide 
particles which comprise organosilane compounds obtainable from alkoxysilanes or polysiloxanes; and a carbon black 

de a ir; d T h oatinglay " 

desenbed in these prior arts a,m at fixedly adhering carbon black onto the black inorganic particles Therefore ^he 

[0015] As a result of the present inventors' earnest studies, it has been found that by mixing extender oiaments with 
a g.umg agent to coat the surface of individual extender pigments with the gluing agent, and^iK?^^ 
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agent-coated extender pigments with organic pigments, the obtained colorant can exhibit a good fluidity and an excel- 
lent dispersibility in binder resin upon production of toner because the organic pigments can be effectively prevented 
from being desorbed orfallen-off from the surface of the extender pigments, and show a clear hue. The present invention 
has been attained on the basis of the above finding. 
5 [0016] An object of the present invention is to provide a color toner having a clear hue and an excellent fluidity. 

[0017] Another object of the present invention is to provide a colorant for color toner capable of exhibiting not only 
a clear hue, but also an excellent dispersibility in toner because of effectively preventing organic pigments from being 
desorbed or fallen-off from the surface of respective extender pigments. 

[0018] To accomplish the aims, in a first aspect of the present invention, there is provided a color toner comprising: 
10 a binder resin, and 

a colorant having an average particle diameter of 0.005 to 0.30 ujti, comprising: 

extender pigments, 

a gluing agent-coating layer formed on surface of the extender pigment, and 
15 an organic pigment coat formed onto the gluing agent-coating layer in an amount of 1 to 500 parts by weight based 

on 100 parts by weight of the extender pigments. 

[0019] In a second aspect of the present invention, there is provided a colorant for color toner, having an average 
particle diameter of 0.005 to 0.30 ujti, comprising: 

20 

extender pigments, 

a gluing agent-coating layer formed on surface of the extender pigment, and 

an organic pigment coat formed onto the gluing agent-coating layer in an amount of 1 to 500 parts by weight based 
on 100 parts by weight of the extender pigments. 

25 

[0020] In a third aspect of the present invention, there is provided a color toner having an average particle diameter 
of preferably 3 to 25 u.m, a C* value of not less than 20, and a fluidity index of 76 to 100, and comprising: a binder 
resin, and 

a colorant having an average particle diameter of 0.005 to 0.30 ujti, comprising: 

30 

extender pigments, 

a gluing agent-coating layer formed on surface of the extender pigment, and 

an organic pigment coat formed onto the gluing agent-coating layer in an amount of 1 to 500 parts by weight based 
on 100 parts by weight of the extender pigments. 

35 

[0021] In a fourth aspect of the present invention, there is provided an electrostatic developing system for developing 
an electrostatic latent image using as a developer a color toner composed mainly of a thermoplastic resin and pigments, 
comprising using a color toner as defined in the first aspect as a developer. 

[0022] In a fifth aspect of the present invention, there is provided an electrostatic developing system for developing 
40 an electrostatic latent image using as a developer a color toner composed mainly of a thermoplastic resin and pigments, 
comprising using a color toner as defined in the first aspect and a magnetic carrier as a developer. 
[0023] The present invention will now be described in detail below. 
[0024] First, the colorant for color toner used in the present invention is described. 

[0025] As the extender pigments used in the present invention, there may be exemplified fine silica particles such 
45 as silica powder, white carbon, fine silicate powder and diatomaceous earth, clay, calcium carbonate, precipitated 
barium sulfate, alumina white, talc, transparent titanium oxide and satin white. 

[0026] The extender pigments may be those having any suitable shape such as spherical particles, granular particles, 
polyhedral particles, acicular particles, spindle-shaped particles, rice ball-like particles, flake-shaped particles, scale- 
like particles and plate-shaped particles. 

so [0027] In the consideration of good fluidity, the obtained colorant for color toner is in the form of spherical particles 
or granular particles having a sphericity (average particle diameter/average minimum diameter; hereinafter referred to 
merely as "sphericity") of usually from 1 .0 to less than 2.0, preferably 1 .0 to 1 .8, more preferably 1 .0 to 1 .5. 
[0028] As to the particle size of the extender pigments, the average particle diameter thereof is usually 0.005 to 0.30 
pm, preferably 0.006 to 0.25 jxm, more preferably 0.007 to 0.20 ^m. 

55 [0029] When the average particle diameter of the extender pigments is more than 0.30 um, the obtained colorant 
becomes coarse particles, resulting in poor dispersibility in binder resin. When the average particle diameter of the 
extender pigments is less than 0.005 pm, such extender pigments tend to be agglomerated by the increase of inter- 
molecular force therebetween due to fine particles of the extender pigments, so that it may be difficult to uniformly coat 



3 
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Igem-lrj , , ayer eX,ender Pi9m6n ' * ^ ^ ^ ^ *"-"«• °""> the gluing 

[?° 3 D °J-r Th6 .f tender pi 9 ments have a BET specific surface area value of preferably not less than 20 m2/o Wh*n 

preferably not less than 30 nvVg. ,„ the consideration of uniform coating cf the gluing agent onto fhe surface oTthe 

[0034] The extender pigments of the present invention have a hiding power of preferably less than ano m 2/n „ 
preferably not more than 200 rrttg, still more preferably not more than 1 00 m*g " " 3 °° ^ ^ 

[0035] The gluing agent used in the present invention mav be of anv kinri fl « innn a , tk 

.ETdZSSS SUCh aS t alk0Xysilanes " "-roa.ky.si.anes and polysiloxanes" and va^us coup' ng age t ch as 

lecxea rrom the group consisting of carboxylic acid groups, alcohol groups and a hydroxvl orouo- and m fu, nr „Jl, 
organosilane compounds obtained from fluoroalkylsilane compounds P ' { ) m ° roa ^ 

[0037] The organosilane compounds (1 ) can be produced from alkoxysilane compounds represented by the formula 



20 



25 



30 



45 



50 



55 



fi1 a SiX 4-a (|) 



rSeTeS ^S^"^ 0 "^ 2 - ° f n - CbH - 1 " (Wh6rein b iS - ^ ° f 1 10 - CHsO- or C 2 H 5 0-; and a 
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CH 3 R 2 CH 3 

CH 3 — Si— 0-( Si— O-) ^i— CH 3 

CH 3 CH 3 d CH 3 



(n; 



wherein R 2 is H- or CH 3 -, and d is an integer of 15 to 450. 

[0040] Among these poiysiloxanes, in view of the adhering effect of the organic pigment, polysiloxanes having methyl 
hydrogen siloxane units are preferred. 

[0041] As the modified polysiloxanes (2-A), there may be used: 

(a1) polysiloxanes modified with polyethers represented by the formula (III): 



CH 3 CH 3 CH 3 CH 3 

CH 3 -Si— 0-{ Si— O-)— (-Si— O— )— Si— CH 3 (III) 

20 CH 3 R J R 6 CH 3 

O— (— CH 2 — CH— O-^ R 5 



25 



30 



R 4 

wherein R 3 is -(-CH 2 -) h -; R 4 is -(-CH 2 -),-CH 3 ; R 5 is -OH, -COOH, -CH=CH 2 , -CH(CH 3 )=CH 2 or -(-CH 2 -)j-CH 3 ; R 6 
is -(-CH 2 -) k -CH 3 ; g and h are an integer of 1 to 15; i, j and k are an integer of 0 to 15; e is an integer of 1 to 50; 
and f is an integer of 1 to 300; 

(a2) polysiloxanes modified with polyesters represented by the formula (IV): 



35 




(IV) 



wherein R 7 , R 8 and R9 are -(-CH 2 -) q - and may be the same or different; R 10 is -OH, -COOH, -CH=CH 2 , -CH(CH 3 ) 
=CH 2 or -(-CH 2 -) r -CH 3 ; R 11 is -(-CH 2 -) S -CH 3 ; n and q are an integer of 1 to 15; r and s are an integer of 0 to 15; e' 
is an integer of 1 to 50; and f is an integer of 1 to 300; 

(a3) polysiloxanes modified with epoxy compounds represented by the formula (V): 



CH 3 CH 3 CH 3 CH 3 

CH 3 ~Si- 0-(— Si- O ^rf±- O-^hf i- CH 3 (V) 
CH 3 R 12 CH 3 U CH 3 

O- CH 2 — CH CH 2 

55 

wherein R 12 is -(-CH 2 -) V -; v is an integer of 1 to 15; t is an integer of 1 to 50; and u is an integer of 1 to 300; or a 
mixture thereof. 
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20 



25 



30 



35 



40 



45 



[0043] As the termmal-modified po.ysiloxanes (2-B), there may be used those represented by the formula (VI): 



CH 3 CH 3 Rl5 CH? 



R 13_ ?i _ Q-(-^i- O-H-ii- 0-4-k- R 14 (VI ) 
CH 3 CH 3 W CH 3 X CH 3 

R- Te ?CH n ? R l are " ° H ' R16 ° H ° r R17C0 ° H and ^ be the same °< d^rent; R« is -CH a or -C ft H ■ Ria and 

• ggggiS 

oym^ormu,!^) 



50 



55 



CF 3 (CF 2 ) z CH 2 CH 2 (R 18 ) a .SiX 4 . a . (V)|) 
Wherein R« is CH 3 -, C 2 H 5 -, CH 3 0- or C 2 H s O, X is CH 3 0- or C 2 H 5 0- ; and 2 is an integer of 0 to 15; and „ is an integer 

c^loclyS^ J-"* t^oropropy, trimethoxysilane, tride- 

trifluoropropyl triethoxysilane tZlZo^^T ^T' he P ,adec ^°r°decylmethyl dimethoxysilane, 
AmongLs^.uoroa,^^^ triethoxysilane, or the like.' 

oxysilane, tridecaf luorooctyl trimethoxysilane and !uZSZ 9 !f , P ' 9ment ' trifluor °Propyl trimeth- 

[0047, As the s„ane-based coupling agents, there may be exemplified vinyltrimethoxysiiane, vinyltriethoxysilane, 
7-aminopropyltriethoxysilane, 
7-glycidoxypropyltrimethoxysilane, 



7-mercaptopropyltrimethoxysilane, 
7-methacryloxypropyltrimethoxysilane, 
N-b(aminoethyl)-7-amjnopropyltrimethoxysilane, 
7-glycidoxypropylmethyldimethoxysilane, 
7-chloropropyltrirnethoxysilane or the like. 
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forming a uniform coating layer on the extender pigments, the oligomers or polymer compounds are preferably in a 
liquid state, or soluble in water or various solvents. 

[0052] The amount of the gluing agent-coating layer is preferably 0.01 to 15.0% by weight, more preferably 0.02 to 
12.5% by weight, still more preferably 0.03 to 10.0% by weight (calculated as C) based on the weight of the gluing 

5 agent-coated extender pigments. 

[0053] When the amount of the gluing agent-coating layer is less than 0.01 % by weight, it may be difficult to adhere 
not less than one part by weight, of the organic pigment onto 1 00 parts by weight of the extender pigments. When the 
amount of the gluing agent-coating layer is more than 15.0% by weight, since it is possible to adhere 1 to 500 parts 
by weight of the organic pigment onto 100 parts by weight of the extender pigments therethrough, it is unnecessary to 

10 form the gluing agent-coating layer in an amount of more than 15.0% by weight. 

[0054] As the organic pigments of the present invention, there may be used various organic pigments showing yellow, 
magenta and cyan colors required for color toner, such as yellow-based organic pigments, red-based organic pigments 
and blue-based organic pigments. These organic pigments may be used, if required, in the form of a mixture of any 
two or more thereof. Further, the respective organic pigments may contain other organic pigments having different 

15 hues in order to improve spectral characteristics of the colorant for color toner. 

[0055] Examples of the organic yellow-based pigments may include monoazo-based pigments such as Hanza yellow, 
disazo-based pigments such as benzidine yellow and permanent yellow, condensed azo pigments such as condensed 
azo yellow, Isoindolin-based pigments such as isoindolin yellow, or the like. Examples of the organic red-based pig- 
ments may include quinacridon pigments such as quinacridon red, azo-based pigments such as permanent red, con- 

20 densed azo pigments such as condensed azo red, vat color pigments such as dianthraquinonyl red, perylene pigment 
such as perylene red, or the like. Examples of the organic blue-based pigments may include phthalocyanine-based 
pigments such as metal-free phthalocyanine blue, phthalocyanine blue, fast sky blue, alkali blue, or the like. 
[0056] The amount of the organic pigments adhered is usually 1 to 500 parts by weight, preferably 5 to 400 parts by 
weight, more preferably 10 to 300 parts by weight based on 100 parts by weight of the extender pigments. 

25 [0057] When the amount of the organic pigments adhered is less than 1 part by weight or more than 500 parts by 
weight, it may be difficult to attain the aimed effects of the present invention. 

[0058] The particle shape and particle size of the colorant for color toner according to the present invention largely 
depend upon those of the extender pigments as core particles, and has a similar particle configuration as that of the 
core particles. 

30 [0059] More specifically, the colorant for color toner according to the present invention has an average particle di- 
ameter of usually 0.005 to 0.30 ujti, preferably 0.006 to 0.25 jim, more preferably 0.007 to 0.20 urn. 
[0060] When the average particle diameter of the colorant is more than 0.30 u,m, the obtained colorant tends to be 
deteriorated in dispersibility in binder resin because of too large particle diameter thereof. When the average particle 
diameter of the colorant Is less than 0.005 u,m, the colorant tends to be agglomerated by the increase of intermolecular 

35 force therebetween due to fine particles, resulting in poor dispersibility in binder resin. 

[0061] The colorant for color toner according to the present invention has a BET specific surface area value of pref- 
erably 30 to 500 m 2 /g, more preferably 35 to 400 m 2 /g, still more preferably 40 to 300 m 2 /g. When the BET specific 
surface area value of the colorant is less than 30 rn 2 /g, the obtained colorant may be in the form of coarse particles, 
or tends to be deteriorated in sintering within and between the particles, resulting in poor dispersibility in binder resin. 

40 When the BET specific surface area value of the colorant is more than 500 m 2 /g, the colorant tends to be agglomerated 
together by the increase of intermolecular force therebetween due to fine particles, resulting in poor dispersibility in 
binder resin. 

[0062] As to the hue of the colorant for colortoner according to the present invention, the C* value thereof is preferably 
not less than 20, more preferably not less than 22, still more preferably not less than 24. When the C* value of the 

45 colorant is less than 20, the obtained colorant may fail to show a clear hue. 

[0063] The colorant for color toner according to the present invention has a specific gravity of preferably 1 .3 to 3.5, 
more preferably 1 .4 to 3.0, still more preferably 1 .5 to 2.5. In the case where the amount of the colorant blended in 
binder resin is kept constant,. when the specific gravity of the colorant is more than 3.0, the volume of the colorant per 
unit volume of the toner becomes too small, thereby failing to exhibit a sufficient tinting strength. As a result, it may be 

50 difficult to obtain a color toner having a clear hue. 

[0064] As to the fluidity of the colorant for color toner according to the present invention, the fluidity index thereof is 
preferably not less than 45, more preferably not less than 50, still more preferably 55 to 90. When the fluidity index of 
the colorant is less than 45, the obtained colorant may fail to show an excellent fluidity, so that it may be difficult to 
further improve the fluidity of a color toner obtained from the colorant. 

55 [0065] The colorant for color toner according to the present invention has a desorption percentage of organic pig- 
ments of preferably not morethan 1 0%, more preferably not more than 8%. When the desorption percentage of organic 
pigments from the colorant is more than 10%, the colorant may be inhibited from being uniformly dispersed in the 
binder resin because of a large amount of the desorbed organic pigments. 
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10 



15 



ha 11 5°J m ' I" rl m C K° rant f ° r C0 ' 0r t0n6r aCC ° rding 10 the > resent is preferably not less 

Mm ftT th f " S th3n 12 ° % 38 8Valuated by the below-mentioned method. * 
E tk ? ♦ 6r containin 9 *e colorant of the present invention is described 

Snl ,f °ll ° f PrSSent inV6nti0n com P ris " the colorant for color toner according to the present in 
ZZes " reSm ' ,Urther C ° ntain ' if reQUired ' 9 -^-'easing agent, a ch.^^^^ 

^~t 5 z an average particie diameter ° f preferabiy 3 to 25 — 

[0074] Next, the developing method of the present invention is described 

■ Iliitlislll 

[0078] As the magnetic carrier used in the two-component developing method there mav be used kn^n mo 
IS ; "f ™S n9tl ° cams ' «- «» enrage particle diameter ol usually 10 to 200 um ureteral*/ 20 10 1m ..n. 
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or the gluing agent, or by mechanically mixing and stirring the extender pigments while spraying the gluing agent 
solution or the gluing agent thereonto. Substantially whole amount of the gluing agent added is adhered on the surface 
of the extender pigment. 

[0087] Meanwhile, in the case where alkoxysilanes or fluoroalkylsilanes are used as the gluing agent, a part of the 

5 alkoxysilanes or fluoroalkylsilanes may be coated in the form of organosilane compounds produced from the alkoxysi- 
lanes orfluoroalkyl organosilane compounds obtainable form fluoroalkylsilanes through the coating step. Even in such 
a case, subsequent adhesion of the organic pigment on the gluing agent-coating layer is not adversely affected. 
[0088] In order to uniformly adhere the gluing agent over the surface of the extender pigment, it is preferred that the 
agglomerated extender pigments are previously deaggregated using a crusher. 

10 [0089] The mixing and stirring of the extender pigments with the gluing agent and the mixing and stirring of the 
organic pigment with the gluing agent-coated extender pigments, is preferably carried out using an apparatus capable 
of applying a shear force to the powder mixture, especially such an apparatus capable of simultaneously effecting 
shear action, spatula stroking and compression. Examples of such apparatuses may include wheel-type kneaders, 
ball-type kneaders, blade-type kneaders, roll-type kneaders or the like. Among these apparatuses, the wheel-type 

15 kneaders are preferred to effectively practice the present invention. 

[0090] Specific examples of the wheel-type kneaders may include edge runners (similar in meaning to mix muller, 
Simpson mill and sand mill), multimill, Stotz mill, Wet pan mill, corner mill, ring muller or the like. Among these kneaders, 
preferred are edge runners, multimill, Stotz mill, Wet pan mill and ring muller, and more preferred are edge runners. 
Specific examples of the ball-type kneaders may include vibration mill or the like. Specific examples of the blade-type 

20 kneaders may include Henschel mixer, planetary mixer, Nauter mixer or the like. Specific examples of the roll-type 
kneaders may include extruders or the like. 

[0091] The conditions of the mixing and stirring treatment may be selected so as to uniformly coat the surface of the 
extender pigment with the gluing agent. Specifically, the mixing and stirring conditions may be appropriately controlled 
such that the linear load is usually 1 9.6 to 1 ,960 N/cm (2 to 200 Kg/cm) : preferably 98 to 1 ,470 N/cm (1 0 to 1 50 Kg/ 
25 cm), more preferably 147 to 980 N/cm (15 to 1 00 Kg/cm); the treating time is usually 5 minutes to 24 hours, preferably 
1 0 minutes to 20 hours; and the stirring speed is usually 2 to 2,000 rpm, preferably 5 to 1 ,000 rpm, more preferably 
1 0 to 800 rpm. 

[0092] The amount of the gluing agent added is preferably 0. 1 5 to 45 parts by weight based on 1 00 parts by weight 
of the extender pigments. When the gluing agent is added in an amount of 0.15 to 45 parts by weight, it is possible to 

30 adhere 1 to 500 parts by weight of the organic pigment onto 100 parts by weight of the extender pigments. 

[0093] After the surface of the extender pigment is coated with the gluing agent, the organic pigment is added, and 
then mixed and stirred with the coated extender pigments to adhere the organic pigment onto the gluing agent-coating 
layer. The obtained particles may be further subjected to drying or heating treatments, if required. 
[0094] It is preferred that the organic pigments are gradually added little by little for a period of preferably about 5 

35 minutes to about 24 hours, more preferably about 5 minutes to about 20 hours, or are intermittently added in parts until 
the total amount thereof reaches 5 to 25 parts by weight based on 1 00 parts by weight of the extender pigments. 
[0095] The mixing and stirring conditions may be appropriately selected so as to form a uniform organic pigment * 
coat on the gluing agent-coating layer, and may be controlled such that the linear load is usually 19.6 to 1 ,960 N/cm 
(2 to 200 Kg/cm), preferably 98 to 1,470 N/cm (10 to 150 Kg/cm), more preferably 147 to 980 N/cm (15 to 100 Kg/cm); 

40 the treating time is usually 5 minutes to 24 hours, preferably 1 0 minutes to 20 hours; and the stirring speed is usually 
2 to 2,000 rpm, preferably 5 to 1 ,000 rpm, more preferably 10 to 800 rpm. 

[0096] The amount of the organic pigments added is usually 1 to 500 parts by weight, preferably 5 to 400 parts by 
weight, more preferably 10 to 300 parts by weight based on 100 parts by weight of the extender pigments. When the 
amount of the organic pigments added is out of the above-specified range, it may be difficult to obtain the aimed colorant. 

45 [0097] The heating temperature used upon the drying and heating treatments is usually 40 to 150°C, preferably 60 
to 120°C. The heating time is usually from 10 minutes to 12 hours, preferably from 30 minutes to 3 hours. 
[0098] Meanwhile, when alkoxysilanes or fluoroalkylsilanes are used as the gluing agent, a coating layer comprising 
organosilane compounds obtainable from the alkoxysilanes or fluorine-containing organosilane compounds obtainable 
from the fluoroalkylsilanes is finally formed on the respective extender pigments via these treatment steps. 

50 [0099] Next, the process for producing the color toner according to the present invention is described. 

[0100] The color toner of the present invention can be produced by an ordinary method, i.e., by blending a prede- 
termined amount of the binder resin and a predetermined amount of the colorant with each other, and then subjecting 
the resultant mixture to kneading and pulverization. More specifically, the colorant and the binder resin are charged, 
if required, together with a mold-releasing agent, a charge controller and other additives into a mixing apparatus, and 

55 intimately mixed together therein. The resultant mixture was kneaded by a heating kneaderto disperse the colorant in 
the binder resin, and then cooled and solidified, thereby obtaining a kneaded resin material. Then, the kneaded resin 
material is pulverized and classified to obtain particles having the aimed particle size. 

[0101] As the mixing apparatus, there may be used a Henschel mixer, a ball mill or the like. As the heating kneader, 
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there may be used a roll mill, a kneader, a twin-screw extruder or the like Aicn th. . ■ 

using any suitable pulverizer such as a cutter mill anc a iet mill ThJ ^ P^nwrtion may be conducted 
method such as air classification as descnbedinlp^ C °^ ed b * * *™ 

in eSulslnVZ ^ ?"* " 9 P°*«on method and 

colorant are mixed, if require^ method < the Polymerlzable monomer and the 

other additives, and theLultant mlx^ ™ • charge contrder and 

tained monomer composition is then added to a wJIrnhTcl + monomer composition. The thus ob- 

taining a color toner having the aSd paTi s Je " P ° lymer,2ed b * addi "9 ^mulsitier thereto, thereby ob^ 

!^?.^£^ ISS^^^^™ «» — extender 
formed on the gluing agent-coating layer cTn exh^ « 2? Render p.gment, and the organic, pigment coat 
of the colorant in toner * POt ° n ' y 8 C ' ear hue ' but also exce »ent fluidity and dispersibility 

S,^^ P-nt invention can exhibit an excellent 

organic pigments usually actinq as aoalom^.I.T f ' f 6 C0 ' 0ram ° f the present invention, since the 

through the gluing agenda ting layer S amount of heoJT b ° mM ^ ^ SUrfaCe ° f the c ° re 

pigment is very small. As a resul the b!i P ' 9 ™ nts des °* ed *»" surface of the extender 

desorbed organic pigments. In ado^n^S eTom ^^^"^^2^?°? * "» 

by formmg the gluing agent-coating layer on the surface of the LlnTf ! ! 6 bmder resin is enh anced 

coat onto the gluing agent-coating layer tnTcX^^ 

[01 06] The reason why the color toneloT the 1!h„ be t . further ,m P roved dispersibility in the binder resin, 
is. in the case of the co.orant contained t Te cToTZT* ^ ' hU- ' iS C ° nSidered as f °»™ s - ™« 
colorant are selected from the extender Imlnt J h !? re8ent mVentl '° n ' Since the extender Pig™" of the 

adhered thereon can exnlb ^I^St^i ^ ^ t'™ h '' din9 the °^ nic 

addition, since the colorant shows «^t?£^22 in tonerTh f " °' ^ aXtonder 

agglomeration unlike organic pigments dls P ere ' b »'ty m toner, the colorant can also exhibit its clear hue without 



£fo^ 

Pigments of the colorant have an excellent flS ^h I r ° f the PrSSent inVention ' since the <«er 

additives for improving thefluiditvoft^ "^' nCa P a ™« which are usually used as external 

(3) Ihe 5 p«oillo su ^ ar6 , wos .* pr ., s . a b, It,. »al„. m „ surea 6y a BET m . tfl0d 

SAKUSHO CO., LTD.). "naiyzer LMIA-2200 Model" (manufactured by HORIBA SEI- 
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(6) The desorption percentage (%) of the organic pigment desorbed from the extender pigments was measured 
by the following method. The closerto 0% the desorption percentage, the smaller the amount of the organic pigment 
desorbed from the surface of the extender pigment. 

That is, 2 g of the particles to be measured and 20 ml of dibromomethane were placed in a 50-ml conical flask 
and then were subjected to ultrasonic dispersion for 20 minutes. Thereafter, the obtained dispersion was allowed 
to stand for 3 days, and a supernatant containing the organic pigment desorbed was separated from the particles 
on the basis of the difference in specific gravity between the organic pigment and the particles. Next, the light 
transmittance of the obtained supernatant was measured by a self-recording photoelectric spectrophotometer "U V- 
2100" (manufactured by SHIMADZU SEISAKUSHO CO., LTD.). Using a calibration curve prepared on the basis 
. of a concentration of organic pigment contained in dibromomethane and its light transmittance as previously cal- 
culated, the concentration of the desorbed organic pigment present in dibromomethane was calculated from the 
measured value, and further the desorption percentage (%) of the organic pigment was calculated according to 
the following formula: 

Desorption percentage of 
organic pigment (%) = {(W a - W e )/W a } x 100 

wherein W a represents an amount of organic pigment initially adhered onto the surface of the extender pigment; 
and W e represents an amount of organic pigment still adhered on the surface of the extender pigment after des- 
orption test. 

(7) The hue of each of the extender pigments, organic pigment and colorant, were measured by the following 
method. 

That is, 0.5 g of each sample and 0.5 ml of castor oil were intimately kneaded together by a Hoover's muller 
to form a paste. 4.5 g of clear lacquer was added to the obtained paste and was intimately kneaded to form a paint. 
The obtained paint was applied on a cast-coated paper by using a 150 jim (6-mil) applicator to produce a coating 
film piece (having a film thickness of about 30 ujti). The thus obtained coating film piece was measured by a multi- 
spectro-colour-meter n MSC-IS-2D" (manufactured by SUGA TESTING MACHINES MANUFACTURING CO., 
LTD.) to determine L*. a* and b* values thereof, respectively. Meanwhile, the C* value representing chroma is 
calculated according to the following formula: 

C* = ((a-) 2 + (b*) 2 ) 172 

(8) The tinting strength of the colorant was measured by the following method. 

That is, a primary color enamel and a vehicle enamel prepared by the below-mentioned method were respec- 
tively applied on a cast-coated paper by a 150 um (6-mil) applicator to produce coating film pieces. The thus 
obtained coating film pieces were measured by a multi-spectro-colour-meter "MSC-IS-2D" (manufactured by 
SUGA TESTING MACHINES MANUFACTURING CO., LTD.) to determine L* values thereof. The difference be- 
tween the obtained L* values was represented by a DL* value. 

Next, as a standard sample for the colorant, a mixed pigment was prepared by simply mixing the organic 
pigment and the extender pigments at the same mixing ratio as used for the production of the colorant. Using the 
thus prepared mixed pigment as standard sample, the same procedure as defined above was conducted to prepare 
an primary color enamel and a vehicle enamel, form coating film pieces and measure L* values thereof. The 
difference between the L* values was represented by a DLs* value. 

From the obtained DL* value of the colorant and DLs* value of the standard sample, the tinting strength (%) 
was calculated according to the following formula: 

Tinting strength (%) = 100 + {(DLs* - DL*) x 10} 

Preparation of primary color enamel: 10 g of the above sample particles, 16 g of an amino alkyd resin 
and 6 g of a thinner were blended together. The resultant mixture was added together with 90 g of 3mm(|) glass 
beads into a 1 40-ml glass bottle, and then mixed and dispersed for 45 minutes by a paint shaker. The obtained 
mixture was mixed with 50 g of an amino alkyd resin, and further dispersed for 5 minutes by a paint shaker, 
thereby obtaining an primary color enamel. 
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Preparation of vehicle enamel: 

ami n J 2 2 °J f ° Ve " P u? Par6d Primary C0l0r enamel and 40 9 of Aramic White (titanium dioxide-dispersed 
ammo alkyd res.n) were blended together, and the resultant mixture was mixed and dispersed for 1 5 minutes 
by a paint shaker, thereby preparing a vehicle enamel. °'spersea tor lb m.nutes 

(9) The hiding powers of the extender pigments, organic pigment and colorant were measured by the cryptometer 
method according to JIS K51 01-8.2 using the above-prepared primary color enamel. cryptometer 

• 1 ? The fluidit V of ea c" <* the extender pigments, the colorant and the color to n»r was expressed bv the fiuiriitv 

com^ T 5 "Sif ° btained by mea ' Urin9 reSpeCtive P article characteristics"" an'angte of reposl n a 
compaction degree (%), a spatula angle (») and an agglomeration degree of the part cles and rSac Z Z JLL 

LluTdir nUmera ' S b8Sed ° n ^ Same Standard The Cl0S6r t0 100 th.^^'HSSSK 



20 Rank5 
Rank 4 
Rank 3 
Rank 2: 
Rank 1 



No undispersed aggregate particles were recognized. 

1 to 4 undispersed aggregate particles per 0.25 mm* were recognized 

5 to 9 undispersed aggregate particles per 0.25 mm* were recognized- 

10 to 49 undispersed aggregate particles per 0.25 mm* were recognized- 

Not less than 50 undispersed aggregate particles per 0.25 mm* were recognized 



(1 2) The average particle diameter of the color toner was measured bv a laser diffraction tvn* no rt w. ■ 
bution measuring device "Model HELOSLA/KA" manufactured by SYMRATEC Co Ltd " ^ 

(13) The image density was expressed by the average value of image densities measured at five nnint* nf th* 

sr,:rs' ** producea * c ™ °°- lm > • -esse 



40 Image Durability (%) = {(Ca - Ce)/Ca] x 100 



45 



50 



55 



(15) The image fogging was determined as follows. That is, after repeatedly printinq out the imacie on * nnn n. r 

zTo^ 4 size (eo 9/m , 2; produced by can ° n °°- Ltd >> the - ?oCz;re5s 

he 5,000th paper using the respective color toner was measured by a multi-spectro-colour ™J2?5^?p5 
(manufactured by SUGA TESTING MACHINES MANUFACTURING no i tpiTTT I Z MSC-IS-2D 
on the paper. In the measurement, an amberme Z • a ^ Z and a' o^ZZZZ^^^ 

tively. The ,mage foggmg was expressed by the DL* value obtained by subtracting the whitenessT* vaC Z « 
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Example 1 : 

<Production of colorant A> 

5 [0111] 440 g of methyl hydrogen polysiloxane (tradename: "TSF484", produced by GE TOSHIBA SILICONE CO., 
LTD.) was added to 11 kg of silica particles (particle shape: spherical shape; average particle diameter: 0.022 u,m; 
sphericity: 1 .06; BET specific surface area value: 193.8 m 2 /g; specific gravity: 2.32; fluidity index: 55; L* value: 92.4; 
a* value: 0.2; b* value: 0.4; C* value: 0.4; hiding power: 10 cm 2 /g) while operating an edge runner, and the resultant 
mixture was mixed and stirred for 40 minutes under a linear load of 588 N/cm (60 Kg/cm) at a stirring speed of 22 rpm. 

10 [0112] Then, 5.5 kg of organic pigments A (kind: Pigment Blue (phthalocyanine-based pigments); particle shape: 
granular shape; average particle diameter: 0.06 jxm; BET specific surface area value: 71 .6 m 2 /g; specific gravity: 1 .65; 
L* value: 17.7; a* value: 9.7; b* value: -23.4; C* value: 25.4) were added to the mixture for 20 minutes while operating 
the edge runner, and the resultant mixture was mixed and stirred for 60 minutes under a linear load of 588 N/cm (60 
Kg/cm) at a stirring speed of 22 rpm, thereby adhering the organic pigments A onto the methyl hydrogen polysiloxane 

*5 coating layer formed on the respective silica particles. The obtained particles were dried at 80°C for 60 minutes using 
a dryer, thereby obtaining a colorant A. 

[0113] The thus obtained colorant A was in the form of spherical particles having an average particle diameter of 
0.023 urn and a sphericity of 1 .07, and had a BET specific surface area value of 1 76.4 m 2 /g; a specific gravity of 2.10; 
and a fluidity index of 70. As to the hue of the colorant A, the L* value thereof was 48.9; the a* value thereof was 1 0.4; 

20 the b* value thereof was -21 .6; and the C* value thereof was 24.0. In addition, it was confirmed that the colorant A had 
a tinting strength of 131%; an desorption percentage of organic pigments of 5.4%; and a coating amount of methyl 
hydrogen polysiloxane of 1.11% by weight (calculated as C), and that the amount of the organic pigments A adhered 
was 22.01 % by weight (calculated as C; corresponding to 50 parts by weight based on 1 00 parts by weight of the silica 
particles). As a result of observing the micrograph, since almost no organic pigments A were recognized from the 

25 micrograph, it was confirmed that a substantially whole amount of the organic pigments A used contributed to the 
formation of the organic pigment coat on the coating layer composed of methyl hydrogen polysiloxane. 

Example 2: 

30 < Production of colorant B> 

[0114] 5.5 kg of organic pigments B (kind: Pigment Red (azo-based pigments); particle shape: granular shape; av- 
erage major axis diameter: 0.55 urn; BET specific surface area value: 18.6 m 2 /g; specific gravity: 1 .48; L* value: 39.3; 
a* value: 49.2; b* value: 19.8) were added to 11.0 kg of the silica particles coated with methyl hydrogen polysiloxane 

35 as obtained in Example 1 , for 20 minutes while operating an edge runner, and the resultant mixture was mixed and 
stirred for 60 minutes under a linear load of 588 N/cm (60 Kg/cm) at a stirring speed of 22 rpm, thereby adhering the 
organic pigments B onto the methyl hydrogen polysiloxane coating layer formed on the respective silica particles. The 
obtained particles were dried at 80°C for 60 minutes using a dryer, thereby obtaining a colorant B. 
[0115] The thus obtained colorant B was in the form of spherical particles having an average particle diameter of 

40 0.023 u,m and a sphericity of 1 .07, and had a BET specific surface area value of 135.9 m 2 /g; a specific gravity of 2.02; 
and a fluidity index of 71 . As to the hue of the colorant B, the L* value thereof was 47.5; the a* value thereof was 47.7; 
the b* value thereof was 1 7.0; and the C* value thereof was 50.6. In addition, it was confirmed that the colorant B had 
a tinting strength of 130%; a desorption percentage of organic pigments of 5.5%; and a coating amount of methyl 
hydrogen polysiloxane of 1 .10% by weight (calculated as C), and that the amount of the organic pigments B adhered 

45 was 1 9.33% by weight (calculated as C; corresponding to 50 parts by weight based on 1 00 parts by weight of the silica 
particles). As a result of observing the micrograph, since almost no organic pigments B were recognized from the 
micrograph, it was confirmed that a substantially whole amount of the organic pigments B used contributed to the 
formation of the organic pigment coat on the coating layer composed of methyl hydrogen polysiloxane. 

50 Example 3: 

< Production of colorant C> 

[0116] 5.5 kg of organic pigments C (kind: Pigment Yellow (azo-based pigments); particle shape: granular shape; 
55 average major axis diameter: 0.73 u.m; BET specific surface area value: 10.5 m 2 /g; L* value: 66.80; a* value: 0.78; b* 
value: 70.92) were added to 11 .0 kg of the silica particles coated with methyl hydrogen polysiloxane as obtained in 
Example 1 , for 20 minutes while operating an edge runner, and then the resultant mixture was mixed and stirred for 
60 minutes under a linear load of 588 N/cm (60 Kg/cm) at a stirring speed of 22 rpm, thereby adhering the organic 
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p'artTdes S were n drled TwcTe^ 'T**™ T'" 9 laverf °™ ed on the res P-'- particles. The obtained 
panicles were dried at 80 C for 60 minutes using a dryer, thereby obtaining a colorant C 

n no? V ? btained C ° ICrant C Was in the forrn of s P herical P articles ^ving an average particle diameter of 
0.023 urn and a sphencity of 1 .07, and had a BET specific surface area value of 124 1 rrftg- a specie qravttv of 2 5 
and a fluidity index of 70. As to the hue of the colorant C, the L* value thereof was 75.8; the a* vaS h re wa 3 9-' 

h„Hr^L ■ 9 , , 3 deso,ptlon Percentage of organic pigments of 5.8%; and a coating amount of methvl 

hydrogen polysiloxane of 1 .11% by weight (calculated as C). and that the amount of the organic oiarnents C IS 
Si 1 Ti ^ Wei9 ? 1 ( f C . U ' ated 38 C = corres P° ndi "9 to 50 parts by weight bmJ^^£^S£S£ 
particles) As a result of observing the micrograph, since almost no organic pigments C were recTqSized from he 
micrograph ,t was confirmed that a substantially whole amount of the organic pigments he 
format™ of the organic pigment coat on the coating layer composed of methyl hydrogen polysToxa^e 



Example 4: 

<Production of color toner> 



LlVnf! ,!ll° ,the COl ° rant A ' 765 9 ° f a stv rene-butyl acrylate-methyl methacrylate copolymer resin (molecular 
T 9 h 1 1SS?° : y ene/bu W ^"ate/methyl methacrylate = 82.0/1 6.5/1 .5), 70 g oTa polypropylene wax molecule 

knTader at 1 40°2 Tne 1,^1 h f PartiC ' eS ^ melt " knea ^d in a continuous-type twin-screw 

f, 01 J? • T hS thUS obtained color toner had a " ^erage particle diameter of 9.7 ^m; a dispereibility of Rank 5- and a 



b* value thereof was -21 .5; and the C* value thereof was 24.1 . 
Example 5: 
30 <Color toner A> 



[0120] The colorant A, a polyester resin, a polypropylene wax and a charge controller were charaed at the following 
m,x.ng ratio into a Henschel mixer, and mixed and stirred at a vessel temperature of eo-C toM 5 mSes The obtaTned 
m«ed particles were melt-kneaded in a continuous-type twin-screw kneaderat 140'C. The o2d" d S 
was cooled ,n a,r, coarsely pulverized, finely pulverized and then classified, thereby obtaining a magn tfc corner 



Composition of mixed particles: 


Colorant A 
Polyester resin 
Polypropylene wax 
Charge controller 


10.0 parts by weight 
85.0 parts by weight 
10.0 parts by weight 
1.0 part by weight 



S^Im! Th H 6 thU f s ° btained color toner A had a " average particle diameter of 10.1 m - a dispersibility of Rank 5- and 
a f lu.d.ty ndex of 88. As to the hue of the color toner, the L* value thereof was 50.3; *e a' vaKraofwSTi 3- the 
b* value thereof was -21 .6; and the C* value thereof was 24.4. 1 



Example 6: 
50 <Color toner B> 



Sorls™^ 

SI thU f S ° btained color toner B had a " ^erage particle diameter of 10.3 urn; a dispersibility of Rank 5- and 
a fluid,* ndex of 87. As to the hue of the color toner B, the L* value thereof was 49 0 the a* value thereof wa 47 9 
the b value thereof was 1 6.6; and the C* value thereof was 50.7. ' 
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Example 7: 
<Color toner C> 

5 [0124] The same procedure as defined in Example 5 was conducted except that the colorant A was changed to the 
colorant C, thereby obtaining a color toner C. 

[0125] The thus obtained color toner C had an average particle diameter of 10.3 jam; a dispersibility of Rank 5; and 
a fluidity index of 86. As to the hue of the color toner C, the L* value thereof was 77.2; the a* value thereof was -3.6; 
the b* value thereof was 57.6; and the C* value thereof was 50.7. 

10 

Example 8: 

<Developing method 1 : two-component system developing method> 

is [01 26] The above color toners A to C were respectively mixed with a ferrite carrier to prepare developers. The images 
were formed by the following method using these developers, and evaluated. That is, an electrostatic latent image was 
formed on a photosensitive member, and the developers were supplied to a non-magnetic sleeve disposed opposite 
to the photosensitive member and equipped therein with a magnetic field-generating member to form a magnetic brush 
thereon. The magnelic brush was brought into slide-frictional contact with the photosensitive member to develop the 

20 electrostatic latent image. 

[0127] The image produced using the color toner A had an image density of 1 .29; an image durability of 3.6%; and 
an image fogging (AL* value) of 1 .64. The image produced using the color toner B had an image density of 1 .27; an 
image durability of 3.7%; and an image fogging (AL* value) of 1 .67. The image produced using the color toner C had 
an image density of 1 .28; an image durability of 3.6%; and an image fogging (AL* value) of 1 .68. 

25 

Example 9: 

<Developing method 2: one-component system developing method> 

30 [0128] The above color toners A to C were respectively used as developers, and the images were formed by the 
following method using these developers, and evaluated. In the image evaluation, a remodeled apparatus of Hitachi 
Priusu 4220 was used. First, the toner was charged into a hopper of a developing device, and adhered onto an aluminum 
sleeve. The amount of the toner adhered was regulated by a blade to form a thin layer of the developer on the sleeve. 
After the developing device was mounted in a printer, the surface potential of the photosensitive member and the bias 

35 voltage of the developing device were set to -600 V and -450V, respectively, thereby adhering the toner onto the 
electrostatic latent image. The obtained toner image was transferred to a transfer drum, and further transferred onto 
a paper, thereby obtaining a printed image. 

[0129] The image produced using the color toner A had an image density of 1 .26; an image durability of 4.2%; and 
an image fogging (AL* value) of 2.12. The image produced using the color toner B had an image density of 1 .26; an 
40 image durability of 4.2%; and an image fogging (AL* value) of 2.19. The image produced using the color toner C had 
an image density of 1 .25; an image durability of 4.3%; and an image fogging (AL* value) of 2.15. 

Core particles 1 to 3: 

45 [0130] As core particles 1 to 3, extender pigments having properties shown in Table 1 were prepared. 
Organic pigments A to C: 

[0131] Organic pigments A to C having properties as shown in Table 2 were prepared. 

50 

Examples 10 to 24 and Comparative Examples 1 to 7: 

[0132] The same procedure as defined in Example 1 was conducted except that kinds and amounts of additives 
added in coating step with gluing agent, linear load and treating time for edge runner treatment used in the coating 
55 step with gluing agent, kinds and amounts of organic pigments adhered in organic pigment-adhering step, and linear 
load and treating time for edge runner treatment used in the organic pigment-adhering step, were changed variously, 
thereby obtaining colorants. 

[0133] The essential production conditions are shown in Tables 3 and 4, and various properties of the obtained 



15 



BNSDOCID: <EP 1 253477A2J_> 



EP 1 253 477 A2 



w 



colorants are shown in Tables 5 and 6. 
Examples 2 5 to 33 and Comparative Examples 8 to 11 : 

E*L7? e pr0C t dUre f0r the P roducti °n of color toner as defined in Example 4 was conducted except that 
kinds of colorants were changed variously, thereby obtaining color toners P 

!o^ 

Examples 34 to 41 and Comparative Examples 12 to 14: 

». 1 *L^d1ZLTSrSXT.^* e< ' 5 was 00 " <luc,e< ' exeep ' ih * k *" te 01 c ° lo,a " ,a 

Examples 42 and 43 and Comparative Example 15: 

» an^LrTon SamS pr0C h edure ^ as defined in Exam P'e 8 or 9 was conducted except that kinds of developing methods 
20 and color toners were changed variously, thereby forming images coping metnoas 

[0139] The essential image-forming conditions and various properties of the obtained images are shown in Table 11 . 
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Table 1 



Kind of core 
particles 


Properties of core particles 


Kind 


Shape 


Core particles 1 


Silica 


Spherical 


Core particles 2 


Silica 


Granular ! 


Core particles 3 


Precipitated barium 
sulfate 


Granular 



20 



Table 1 (continued) 



Kind of core 
particles 


Properties of core particles 


Average particle 
diameter 
(pm) 


Sphericity 
(-) 


BET specific 
surface area 
value 

(m2/g) 


Core 
particles 1 


0.021 


1.02 


196.2 


Core 
particles 2 


0.013 


1.28 


256.3 


Core 
particles 3 


0.059 


1.22 


21.3 



45 



50 



55 
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Table 1 (continuprl) 



Kind of core 
particles 


Properties of core particles 


Specific gravity 
(-) 


Fluidity index 
(-) 


Core 
particles 1 


2.19 


58 


Core 
particles 2 


r~" 2.43 


53 


Core 
particles 3 


4.15 


40 



25 



Table 1 (continnprl) 



30 


Kind of core 




Properties 


of core particles 




particles 


Hue — 


Hiding 


35 




L* value 
(-) 


a* value 
(-) 


b* 


value 
(-) 


C* value 
(-) 


power 
(cm 2 /g) 




Core 
particles 1 


93.1 


0.1 


0.3 


0.3 


6 


40 


^ Core 
particles 2 


94.0 


0.3 


-0.1 


0.3 


11 


45 


Core 
particles 3 


91.6 


0.3 


1.1 


1.1 


13 



50 
55 
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Table 2 





Organic 


Properties of organic pigments 




pigments 


Kind 


Shape 


10 


Organic 
pigments A 


Pigment Blue 
(phthalocyanine-based 
pigments) 


Granular 


15 


Organic 
pigments B 


Pigment Red 
(azo-based pigments) 


Granular 


20 
25 


Organic 
pigments C 


Pigment Yellow 
(azo-based pigments) 


Granular 




Table 2 (continued) 






30 














Organic 


Properties of organic pigments 


35 


pigments 


Average particle 
diameter 
(pin) 


BET specific 
surface area 

value 

(m^/g) 


Specific 
gravity 
(-) 


40 


Organic 
pigments A 


0.06 


71.6 


1.65 


45 


Organic 
pigments B 


0.55 


18.6 


1.48 


Organic 
pigments C 


0.74 


11.2 


1.85 



50 



55 
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Table 2 j^ontinuedj 



5 








Organic 
pigments 


Properties of 


organic pigments 






Hue 


10 




L* value 


a* value 


xj value 


c* value 






(-) 


(-> 


(-) 


(-) i 


15 


Organic 
pigments A 


17.7 


9.7 


-23.4 


25.4 




Organic 


39.3 


49.2 


19 .8 


53 . 0 


20 


pigments B 












Organic 


65.4 


-6.9 


59.4 


59.8 


25 


pigments C 











30 Table 3 



Examples 


Kind of core particles 


Example 10 


Core particles 1 


Example 11 


Core particles 2 


Example 12 


Core particles 3 


Example 13 


Core particles 1 


Example 14 


Core particles 2 


! Example 15 


Core particles 3 


Example 16 


Core particles 1 


Example 17 


Core particles 2 


Example 18 


Core particles 3 


Example 19 


Core particles 1 


Example 20 


Core particles 1 


Example 21 


Core particles 3 


Example 22 


Core particles 3 


Example 23 


Core particles 1 


Example 24 


Core particles 1 
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Table 3 (continued) 



Examples 


Production of colorant 


Coating step with gluing agent 


Additives 


Kind 


Amount 
added 
(wt. part) 


Example 10 


Methyl triethoxysilane 


1 . 0 


Example 11 


Methyl triethoxysilane 


5 . 0 


Example 12 


Me thy 1 t r ime t hoxy s i 1 ane 


1 . 0 


Example 13 


Phenyl t r ie thoxy s i lane 


3.0 


Example 14 


Dimethyl dime thoxy silane 


10.0 


Example 15 


Methyl triethoxysilane 


1.0 


Example 16 


Methyl trimethoxysilane 


3.0 


Example 17 


Methyl hydrogen polys iloxane 


1.0 


£jXampie ±c> 


Phenyl t r ie thoxy s i 1 ane 


2.0 


Example 19 


Me t hy 1 t r i e thoxy s i 1 ane 


1.0 


Example 20 


Methyl triethoxysilane 


1.0 


Example 21 


Methyl trimethoxysilane 


1.0 


Example 22 


Me thy 1 tr ime thoxy s i 1 an e 


1.0 


Example 23 


y-aminopropyl triethoxysilane 


1.5 ! 


Example 24 


Polyvinyl alcohol 


2.0 



1253477A2_I_> 



21 



EP 1 253 477 A2 



Table 3 (continued) 



5 


Examples 


Production of colorant 






Coating step with gluing agent 


10 




Edge 


runner treatment 


Coating amount 




Linear load 


Time 


(calculated 










(min. ) 


as C) 
(wt. %) 






\±v / v^in ) 


\ -K-Cf / cm; 




15 


Example 10 


588 


60 


30 


0 . 06 




Example 11 


294 


30 


30 


0.32 




Example 12 


392 


40 


45 


0.08 


20 


Example 13 


588 


! 60 


1 60 


1 . 05 




Example 14 


441 


45 


120 


1.81 




Example 15 


588 


60 


30 


0.06 


25 


Example 16 j 


588 


60 


60 


0.25 




Example 17 


735 


75 


30 


0.27 




Example 18 


294 


30 


60 


0.71 


30 


Example 19 


588 


60 


30 


0.06 




Example 20 


588 


60 


30 


0.06 




Example 21 


392 


40 


45 


0.08 


35 


Example 22 


392 


40 


45 


0.08 




Example 23 


588 


60 


30 


0.24 




Example 24 


392 


40 


30 


1. 07 



40 



45 



50 



55 
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Table 3 (continued) 



Examples 


Production of colorant 


Adhesion step with organic pigments 


Organic pigments 


Kind 


Amount adhered 
(wt. part) 


Example 10 


A 


100.0 


Example 11 


A 


i 50.0 


Example 12 


A 


50.0 


Example 13 


B 


150.0 


Example 14 


B 


75.0 


Example 15 


B 


75.0 


Example 16 


C 


200.0 


Example 17 


C 


80.0 


Example 18 


C 


200.0 


Example 19 


B j 


100.0 


Example 20 


C 


100.0 


Example 21 


B 


50.0 


Example 22 


C 


50.0 


Example 23 


A 


100.0 


Example 24 


A 


100.0 
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Table 3 ^continued) 



5 


Examples 


Production of colorant 




Adhesion step with organic pigments 


10 




Edge runner treatment 


.Amount - ^rW^cz-r-c*/^ 




Linear load 


Time 


( calculation 1 










(min.) 


as C) 
(wt. %) 






(N/cra) 


(Kg/cm) 




15 


Example 10 


588 


60 


60 


33 90 




Example 11 


588 


60 


30 


22 . 04 




Example 12 


294 


30 


60 


99 1 1 


20 


Example 13 


441 


45 


60 


3^ 1 




Example 14 


735 


75 


180 






Example 15 


588 


60 


45 


25.22 


25 


Example 16 ; 


294 


30 


120 ! 


^ 37.95 




Example 17 


588 


60 


120 


25.06 I 






294 


30 


60 


38.03 


30 


Example 19 


588 


60 


60 


29.06 




Example 20 


588 


60 


60 


28.28 




Example 21 


294 


30 


60 


19.34 


35 


Example 22 


294 


30 


60 


18.79 




Example 23 


588 


60 


60 


33.22 




Example 24 


588 


60 


60 


33.25 



40 



45 



50 
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Table 4 



Comparative Examples 


Kind of core particles 


Comparative Examples 1 


Core particles 1 


Comparative Examples 2 


Core particles 1 


Comparative Examples 3 


Core particles 1 


Comparative Examples 4 


Core particles 1 


Comparative Examples 5 


Core particles 1 


Comparative Examples 6 


Core particles 1 


Comparative Examples 7 


Core particles 1 



Table 4 (continued) 



Comparative 
Examples 


Production of colorant 


Coating step with gluing agent 


Additives 


Kind 


Amount 
added 
(wt. part) 


Comparative 
Examples 1 






Comparative 
Examples 2 


Methyl triethoxysilane 


0.005 


Comparative 
Examples 3 


Methyl triethoxysilane 


1.0 


Comparative 
Examples 4 


Methyl triethoxysilane 


1.0 


Comparative 
Examples 5 






Comparative 
Examples 6 






Comparative 
Examples 7 







25 
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Table 4 (continnpri) 



Comparative 
Jixamp i e s 


Production of colorant 


Coating step with crluincr Cerent 


Edqe runner treatment 


Coating amount 


Linear load 


Time 
(min . ) 


(calculated 
as c ) 
(wt. %) 


{vi/ cm ; 


(Kg/cm) 


Comparative 
Examples 1 








_ 


Comparative 
Examples 2 


588 


60 


30 




Comparative 
Examples 3 


588 


60 


30 


0 . 06 


Comparative 
Examples 4 


588 


60 


30 


0.06 


Comparative 
Examples 5 










Comparative 
Examples 6 










Comparative 
Examples 7 











Table 4 (continued) 



Comparative Examples 


Production of colorant 


Adhesion step with organic piqments 


Organic pigments 


Kind 


Amount adhered 
(wt. part) 


Comparative Examples 
1 


A 


50.0 


Comparative Examples 
2 


A 


50.0 


Comparative Examples 
3 


A 


1000.0 


Comparative Examples 
4 


A 


0.5 


Comparative Examples 
5 


A 


100.0 


Comparative Examples 
6 


B 


100.0 


Comparative Examples 
7 


C 


100. 0 



26 



EP 1 253 477 A2 

Table 4 (continued) 







Production of colorant ! 




Comparative 


Adhesion step with organic pigments 


10 


Examples 


Edge 


runner treatment 


Amount adhered 




Linear load 


Time 


(calculated 










(min. ) 


as C) 


15 




(N/cm) 


(Kg/cm) 


(wt. %) 


Comparative 
Examples 1 


588 . 


60 


30 


22.12 




Comparative 


588 


60 


30 


22.01 


20 


Examples 2 












Comparative 


588 


60 


30 


60.47 




Examples 3 










25 


Comparative 
Examples 4 


588 


60 


30 


0.31 




Comparative 


588 


60 


60 


33 .19 


30 


Examples 5 












Comparative 


588 


60 


60 


29. 07 




Examples 6 










35 


Comparative 


588 


60 


60 


28.26 


Examples 7 











40 



45 



50 



55 
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Table 5 



Examples 


Properties of colorant 


Average particle 
diameter 
(pm) 


Sphericity 
(-) 


BET specific 
surface area 

value 

(m2/g) 


Example 10 


0,025 


1.02 


136.2 


Example 11 


0.015 


1.28 


231.2 


Example 12 


0.061 


1.23 


29.4 


Example 13 


0 . 027 


1.03 


121.3 


Example 14 


0.016 


1.28 


200.3 


Example 15 


^ 0.062 


1.23 


30.1 


Example 16 


0 . 028 




100.3 


Example 17 


0.016 


1.29 


183 .2 


Example 18 


0.067 


1.24 


34 . 6 


Example 19 


0.025 


1.03 


124.3 


Example 2 0 


0. 025 


1.03 


111. 6 


Example 21 


0.061 


1.23 


34.5 


Example 22 


0.061 


1.23 


28.9 


Example 23 


0.025 


1. 03 


134.6 


Example 24 


0.025 


1.03 


133 .2 



40 



45 



50 



55 
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Table 5 (continued) 



5 


Examples 


Properties 


of colorant 






Specific gravity 


Fluidity index 






(-) 


(-) 


1 u 


Example 10 


1 . 92 


63 




Example 11 


2 . 17 


58 




Example 12 


3 . 32 


48 


15 


Example 13 


1.77 


65 




Example 14 


2 . 02 


58 




Example 15 


3 . 01 


49 


20 


Example 16 


1.96 


66 




Example 17 


2 . 17 


59 




Example 18 


2 . 62 


50 


25 


Example 19 


1.83 


62 




Example 20 


2.01 


63 




Example 21 


3.25 


48 


30 


Example 22 


3.37 


48 I 




Example 23 


1.91 


62 




Example 24 


1.91 


63 



35 



40 



45 



50 



55 
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Table 5 (continued) 



5 





Examples 




Properties 


of colorant 








Hue 


10 




L* value 


r=3 * \TPi 1 IIP 
CI VQl 


£>* value 


C* value 






(-) 


V / 


\ - ) 


(-) 




Example 10 


33 .9 




0 O Q 


25.5 | 


15 


Example 11 


48 . 5 


10 . 5 


— 9 1 Q 


24.2 


Example 12 


47 . 2 






24 . 0 




Example 13 


46 . 1 


48 1 




51 . 7 




Example 14 


57 . 3 


47 ? 


J. / . J 


50 . 4 


20 


Example 15 


54.4 


47.9 


16.9 


50 . 8 




Example 16 


72 .7 


-5.9 


58.7 


59.0 




Example 17 


78.8 


-4.4 


56.1 


56.3 


25 


Example 18 


71.9 


-6.0 


58.6 


58.9 




Example 19 


47.3 


47.5 


16 .8 


50.4 




Example 20 


77.3 


-5.3 


57.0 


57 .2 


30 


Example 21 


58.3 


47.0 


16.5 


49.8 




Example 22 


79.1 


-4.3 


55.9 


56.1 




Example 23 


34.1 


11.3 


-23.0 


25.6 


35 


Example 24 


34.2 


11.2 


-23 .1 


25.7 



40 



45 



50 



55 
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Table 5 (continued) 



Examples 


Properties of colorant 


Tinting strength 
(%) 


Desorption percentage 
of organic pigments 
(%) 


1 Example 10 


136 


7.2 j 


Example 11 


132 


5.7 


Example 12 


131 


6.1 


Example 13 


143 


7.6 


Example 14 


135 


5.9 


Example 15 


135 


6.0 


Example 16 


154 


8.1 


Example 17 


136 


6.3 


Example 18 


150 


8.4 


Example 19 


138 


6.6 


Example 20 


137 


6.5 


Example 21 


132 


5.5 


Example 22 


134 


6.0 


Example 23 


135 


7.8 


Example 24 


136 


7.6 
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Table 6 



Comparative 
Examples 


Properties of colorant 


Average particle 
diameter 
(Uin) 


Sphericity 
(-) 


BET specific 
surface area 

value 

(m 2 /q) 


Comparative 
Examples 1 


0.022 


1.02 


180.7 


Comparative 
Examples 2 


n nil 


1.02 


182 .9 


Comparative 
Examples 3 


0.038 




86.5 


Comparative 
Examples 4 


0.021 


1.02 


197.3 


Comparative 
Examples 5 


0.022 


1.02 


133.9 


Comparative 
Examples 6 


0 . 022 


1.02 


110.4 


Comparative 
Examples 7 


0.022 


1.03 


103.9 ] 



Table 6 (contimiPH) 



Comparative 
Examples 


Properties of colorant 


Specific gravity 
<-) 


Fluidity index 
(-) 


Comparative 
Examples 1 


2.01 


43 


Compar a t ive 
Examples 2 


2.01 


44 


Comparative 
Examples 3 


1.70 


41 


Comparative 
Examples 4 


2.19 


58 


Comparative 
Examples 5 


1.92 


41 j 


Comparative 
Examples 6 


1.84 


42 


Comparative 
Examples 7 


2.02 


40 



55 
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Table 6 (continued) 



Comparative 
Examples 


Properties of colorant 


Hue 


L* value 

(-) 


a* value 
(-) 


b* value 
(-) 


C* value 
(-) 


Comparative 
Examples 1 


50.2 


10.0 


-20.1 


22.5 


Comparative 
Examples 2 


50.9 


10 .1 


-20 .4 


22.8 


Comparative 
Examples 3 


25.6 


9.9 


-23 .1 


25.1 


Comparative 
Examples 4 


91.8 


6.5 


-15.2 


16.5 


Comparative 
Examples 5 


34.5 


11.0 


-21 . 6 


24.2 


Comparative 
Examples 6 


47.6 


46.5 


16.3 


49.3 


Comparative 
Examples 7 


77.6 


-5.1 


56.2 


56.4 



25 



Table 6 (con tinued) 

30 



C ompara t i ve 
Examples 


Properties of colorant 


Tinting strength 
(%) 


Desorption percentage 
of organic pigments 
(%) 


Comparative 
Examples 1 


108 


68.2 


Compar at ive 
Examples 2 


110 


50.6 


Comparative 
Examples 3 


233 


53.4 


Comparative 
Examples 4 


12 




Comparative- 
Examples 5 


100 


70.2 


Comparative 
Examples 6 


100 


69.6 


Comparat ive 
Examples 7 


100 


71.2 



55 
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Table 7 

5 





Examples 


Production of color toner 






Colorant 


10 




Kind 


Amount blended 
(wt. part) 




Example 25 


Example 10 


15. 0 


15 


Example 26 


Example 11 


15. 0 




Example 27 


Example 12 


15. 0 




Example 28 


Example 13 


15. 0 


20 


I Example 29 


Example 14 


15. 0 




Example 30 


! Example 15 


15.0 




Example 31 


Example 16 


15. 0 




Example 32 


Example 17 


-L-j • U 


25 


Example 33 


Example 18 


15.0 




Example 34 


Example 10 


10.0 




Example 35 


Example 19 


10.0 


30 


Example 36 


Example 20 


10.0 




Example 37 


Example 12 


10.0 




Example 38 


Example 21 


10.0 


35 


Example 39 


Example 22 


10. 0 




Example 40 


Example 23 


10. 0 




Example 41 


Example 24 


10. 0 



40 



45 



50 
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Table 7 (continued) 



Examples 


Production of color toner 


Binder resin 


Kind 


Amount 
blended 
(wt. part) 


Example 25 


Styrene-acrylic copolymer resin 


76.5 


Example 2 6 


Styrene-acrylic copolymer resin 


76.5 


Example 27 


Styrene-acrylic copolymer resin 


76.5 


Example 28 


Styrene-acrylic copolymer resin 


76.5 


Example 29 


Styrene-acrylic copolymer resin 


76.5 


Example 3 0 


Styrene-acrylic copolymer resin 


76.5 


Example 31 


Styrene-acrylic copolymer resin 


76.5 


Example 32 


Styrene-acrylic copolymer resin 


76.5 


Example 33 


Styrene-acrylic copolymer resin 


76.5 


Example 34 


Polyester resin 


85.0 


Example 35 


Polyester resin 


85.0 


Example 3 6 


Polyester resin 


85.0 


Example 37 


Polyester resin 


85.0 


Example 38 


Polyester resin 


85.0 


Example 39 


Polyester resin 


85.0 


Example 40 


Polyester resin 


85.0 


Example 41 


Polyester resin 


85.0 | 



35 
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Table 8 



Comparative 
Examples 


Production of color toner 


Colorant 


| Kind 


Amount blended 
(wt. part) 


Comparative 
Example 8 


Comparative Example 1 


15. 0 


Comparative 
Example 9 


Comparative Example 2 


. 15.0 


Comparative 
Example 10 


Comparative Example 3 


15.0 


Comparative 
Example 11 


Comparative Example 4 


15,0 


Comparative 
Example 12 


Comparative Example 5 


10.0 


Comparative 
Example 13 I 


Comparative Example 6 


10.0 


. Comparative 
Example 14 


Comparative Example 7 


10.0 



Table 8 (continued) 



Comparative 
Examples 


Production of color toner 


Binder resin 


Kind 


Amount 
blended 
(wt . part) 


| Comparative 
j Example 8 


Styrene-acrylic copolymer resin 


76.5 


Compar a t i ve 
i Example 9 


Styrene-acrylic copolymer resin 


76.5 


| Comparative 
Example 10 


Styrene-acrylic copolymer resin 


76.5 


Comparative 
Example 11 


Styrene-acrylic copolymer resin 


76.5 


Comparative 
Example 12 


Polyester resin 


85.0 


Comparative 
Example 13 


Polyester resin 


85.0 


Comparative 
Example 14 


Polyester resin 


85.0 
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Table 9 





Examples 


Properties of color toner 






Average particle 


Di sper s ibi 1 i ty 


Fluidity- 






diameter 


(-) 


index 


10 




(pm) 




(-) 




Example 25 


9.9 


5 


87 




Example 26 


9.8 


5 


85 


15 


Example 27 


9.6 


4 


76 




Example 28 


10 . 1 


5 


88 




Example 29 


10.0 


5 


86 


20 


Example 30 


9.8 


4 


78 




Example 31 


10 . 0 


5 


89 




Example 32 


9.9 


5 


86 


25 


Example 33 


9 . 6 


4 


78 




Example 34 


9.6 


5 


88 




Example 35 


9.9 


5 


86 


30 


Example 36 


10.0 


5 


87 




Example 37 


9.8 


4 


76 




Example 3 8 


9.6 


4 


75 


35 


Example 39 


9.8 


4 


76 




Example 40 


9.9 


5 


85 




Example 41 


9 . 9 


5 ; 


86 



40 



45 



50 



55 
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Table 9 (continued) 



5 





Examples 


Properties of 


color toner 






Hue 


10 




L* value 


a* value 


. b* value 


C* value 




(-) 


(-) 


(-) 


(-) 




Example 25 


35.1 


11.4 


-23 .0 


25.7 


15 


Example 2 6 


49.7 


10.6 


-21 .9 


24.3 


Example 27 


48.8 


10.8 


-21 .5 


24.1 




Example 28 


47 .4 


48.4 


18 . 9 


52 .0 




Example 29 


59.3 


47.5 


17 . 1 


50.5 


20 


Example 30 


56.0 


48.1 


16 . 8 


50.9 




Example 31 


73.8 


-5.6 


58 . 6 


58.9 




Example 32 


80.2 


-4.3 


55.9 


56.1 


25 


Example 33 


72 .9 


-5.9 


58 . 5 


58.8 




Example 34 


35.0 


11.1 


-22 .9 


25.4 




Example 35 


48.4 


47.9 


17.1 


50.9 


30 


Example 36 


78.5 


-4.8 


56.1 ; 


56.3 




Example 37 


48.6 


10.5 


-21 .3 


23 .7 




Example 38 


59.9 


46.5 


16. 6 


49.4 


35 


Example 39 


80.3 


-3.8 


55 . 1 


55 .2 




Example 40 


35.2 


11.2 


-23 .1 


25.7 




Example 41 


35.0 


11.0 


-22 .9 


25.4 



40 



45 



50 



55 
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Table 10 



Comparative 


Properties of color toner 


Examples 


Average particle 
diameter 
(um) 


Dispersibility 
(-) 


Fluidity 
index 
(-) 


Comparative 
Example 8 


9.6 


2 


65 


Comparative 
Example 9 


9.8 


2 


66 


Compar at ive 
Example 10 


10.1 


1 


61 


Comparative 
Example 11 


9.7 


4 


79 


Comparative 
Example 12 


10.0 


2 


64 


Compar at ive 
Example 13 


9.9 


2 


63 


Comparative 
Example 14 


9.7 


2 


64 


Table 10 (continued) 



Comparative 
Examples 


Properties of color toner 


Hue 


L»* value 
(-) 


a* value 

(-> 


b* value 
(-) 


C* value 
(-) 


Compar at ive 
Example 8 


52.8 


9.6 


-19 . 8 


22.0 


Comparative 
Example 9 


52.2 


9.8 


-20.0 


22.3 


Compar at ive 
Example 10 


27.5 


9.5 


-22 .4 


24.3 


Comparative 
Example 11 


92.4 


5.4 


-14.3 


15.3 


Comparative 
Example 12 


35.3 


11.2 


-21.8 


24.5 


Comparative 
Example 13 


48.5 


44 .3 


15.8 


47.0 


Comparative 
Example 14 


78 . 6 


-4.6 


54.3 


54.5 
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Table 11 



Examples and 
Comparative 
Examples 


Developina method 


Kind of developing 
method 


Combination of 
color toners 


Example 42 


Developing method 1 


Example 34 
Example 35 
Example 36 


Example 43 


Developing method 2 


Example 37 
Example 38 
Example 39 


Comparat i ve 
Example 15 


Developing method 1 
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Claims 

1. A color toner comprising: 

i) a binder resin, and 

ii) a colorant having an average particle diameter of from 0.005 to 0.30 ujn, which colorant comprises: 

extender pigments; 

a gluing agent-coating layer formed on the surface of the extender pigment; and 

an organic pigment coat formed onto the gluing agent-coating layer in an amount of from 1 to 500 parts 
by weight based on 1 00 parts by weight of the extender pigments. 
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2. A color toner according to claim 1 , wherein said gluing agent is an organosilicon compound, a coupling agent, an 
oligomers compound or a polymer compound. 

3. A color toner according to claim 1 or 2, 

5 wherein said gluing agent is at least one compound selected from: 

i) an organosilicon compound selected from: 

(1) organosilane compounds obtainable from alkoxysilane compounds: 
w (2) polysiloxanes or modified polysiloxanes; and 

(3) fluoroalkyl organosilane compounds obtainable from fluoroalkylsilane compounds; 

ii) a silanerbased coupling agent; 

iii) a titanate-based coupling agent; 

is j V ) an aluminate-based coupling agent; and 

v) zirconate-based coupling agent. 

4. A color toner according to any one of claims 1 to 3 wherein said gluing agent is an organosilane compound ob- 
tainable from alkoxysilane compound, or a polysiloxane. 

20 

5. A color toner according to any one of claims 1 to 4, wherein said colorant has a BET specific surface area value 
of form 30 to 500 m 2 /g, a hue C* value of not less than 20, a specific gravity of from 1 .3 to 3°.5, and a fluidity index 
of not less than 45. 

25 6. A color toner according to any one of claims 1 to 5, which has an average particle diameter of from 3 to 25 jim, a 
C* value of not less than 20, and a fluidity index of from 76 to 100. 

7. A color toner according to any one of claims 1 to 6 wherein the colorant content is from 1 .2 to 20.0% by weight 
based on the weight of the color toner. 

30 

8. A color toner according to any one of claims 1 to 7 wherein said binder resin is selected from polyester-based 
resins, epoxy-based resins, polyolefin-based resins, polyurethane-based resins, vinyl-based polymers and sty- 
rene-butadiene copolymers. 

35 9. A color toner according to any one of claims 1 to 8 wherein said extender pigments are selected from fine silica 
particles, silica powder, white carbon, fine silicate powder and diatomaceous earth, clay, calcium carbonate, barium 
sulfate, precipitated barium sulfate, alumina white, talc, transparent titanium oxide, and satin white. 

10. A color toner according to any one of claims 1 to 9 wherein said extender pigments have a sphericity of from 1 .0 
40 to less than 2.0, an average particle diameter of from 0.005 to 0.30 p,m and a specific gravity of from 1 .3 to 4.5. 

1 1 . A colorant having an average particle diameter of from 0.005 to 0.30 jim, suitable for a color toner, which colorant 
comprises: 

45 an extender pigment; 

a gluing agent-coating layer formed on the surface of the extender pigment; and 

an organic pigment coat formed onto the gluing agent-coating layer in an amount of from 1 to 500 parts by 
weight based on 100 parts by weight of the extender pigments. 

50 
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A color toner comprising: a binder resin, and 


extender pigments. 




a colorant having an average particle diameter of 




from 0.005 to 0.30 ujti, comprising: 


The color toner exhibits not only a clear hue, but also 



excellent fluidity and dispersibility of colorants. 
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[0006] On the other hand, if the particle size of the colorant is reduced it will be exoected that th. im, .. • 
colorant can be prevented from clogging at the head oortion and JrL ,n9 SUCh a 

colorant having a small particle sSe tends to cau^hllT' ? ' mpr ° Ved trans P are ™V- However, the 

resistance of ink using s^TcZVnxt t ^ " ^ ^ " P °° r dls P ersibi,it V in composition, low light 

ins particles using a coupling agent SSnilSSSSSSl SEEKST"! by 1 00u P ||n «> pi9ments with re *- 

have still failed to satisfy these requirements hue ' H ° WeVer ' conventi °nal colorants 

[0009] That is, in Japanese Patent Application Laid-Open (KOKAI) Nos. 9-22781 2(1 9971 and 2000 rami th • 

> conducted ,„ « s „ luU „„ as ,„ me b e,„ w . me „,L. d a^SSti!^* 9 re " M,on 
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[0012] In Japanese Patent No. 3105511, there are described particles prepared by adhering dyes onto the surface 
of silica particles through a silane-based coupling agent. As shown in the below-mentioned Comparative Examples, 
since the dyes are adhered onto the surface of silica particles, the obtained colored silica particles fail to show a 
sufficient light resistance. 

5 [0013] Further, in Japanese Patent Application Laid-Open (KOKAI) Nos. 11-323174(1999) and 2001-11339, there 
are described iron-based black composite particles comprising black iron oxide particles or black iron oxide hydroxide 
particles; a coating layer formed on the surface of the black iron oxide particles or black iron oxide hydroxide particles, 
which comprises organosilane compounds obtainable from alkoxysilanes, or polysiloxanes; and a carbon black coat 
formed on the surface of the coating layer. However, the technical spheres described in these prior arts are to fix carbon 

10 black onto the iron-based black particles, and are quite different from those techniques for obtaining a colorant having 
a high chroma. In addition, since the iron-based particles have a specific gravity as high as 5 to 5.5, it may be difficult 
to obtain an ink-jet printing ink having a sufficient dispersion stability when the iron-based particles are used as a 
colorant therefor. 

[0014] As a result of the present inventors' earnest studies, it has been found that a colorant having an average 
15 particle diameter of 0.001 to 0.15 ujti and comprising extender pigments as core particles, a gluing agent coating layer 
formed on at least a part of the surface of the core particle, and an organic pigment coat formed onto at least a part of 
the gluing agent coating layer, exhibits not only a high tinting strength and a clear hue, but also excellent dispersibility 
and light resistance in spite of fine particles, and is suitably used as a colorant for ink-jet printing ink. The present 
invention has been attained on the basis of the findings. 
20 [0015] An object of the present invention is to provide a colorant for ink-jet printing ink, in which organic pigments 
are adhered onto the surface of extender pigments through a gluing agent in the form of a uniform adhesion coat while 
being kept in an extremely finely dispersed state, and which can exhibit not only a high tinting strength and a clear hue 
but also excellent dispersibility and light resistance in spite of fine particles. 

[0016] Another object of the present invention is to provide an ink-jet printing ink exhibiting not only excellent dis- 
25 persion stability and light resistance but also being free from clogging at a head portion of an ink-jet recording apparatus. 
[0017] A further object of the present invention is to provide an aqueous pigment dispersion containing the colorant 
for ink-jet printing ink. 

[0018] A still further object of the present invention is to provide organic and inorganic composite particles having 
an average particle diameter of from 0.001 to less than 0.01 jim, in which organic pigments are uniformly adhered onto 
30 the surface of white inorganic particles through a gluing agent to form an organic pigment coat. 

[001 9] To accomplish the aims, in a first aspect of the present invention, there is provided a colorant for ink-jet printing 
ink, having an average particle diameter of 0.001 to 0.15 u,m, comprising: 

extender pigments as core particles; 
35 a gluing agent coating layer formed on at least a part of surface of said core particle; and 

an organic pigment coat uniformly formed on at least a part of said gluing agent coating layer. 

[0020] In a second aspect of the present invention, there is provided a colorant for ink-jet printing ink, having an 
average particle diameter of 0.001 to 0.15 u.m, a BET specific surface area value of 1 5 to 500 m 2 /g, a specific gravity 
40 of 1 .3 to 3.5 and a hiding power of less than 1 ,000 cm 2 /g, comprising: 

extender pigments as core particles; 

a gluing agent coating layer formed on at least a part of surface of said core particle; and 
an organic pigment coat uniformly formed on at least a part of said gluing agent coating layer in the amount of 1 
45 to 500 parts by weight based on 1 00 parts by weight of said extender pigments. 

[0021] In a third aspect of the present invention, there is provided a colorant for ink-jet printing ink, having an average 
particle diameter of 0.001 to 0.15 fim, comprising: 

so extender pigments as core particles; 

a gluing agent-coating layer formed on at least a part of surface of said core particle; 

an organic pigment coat uniformly formed on at least a part of said gluing agent coating layer; and 

an outer coating layer formed on at least a part of said organic pigment coat, comprising at least one material 

selected from the group consisting of anionic surfactants, nonionic surfactants, cationic surfactants and polymeric 

55 dispersing agent. 

[0022] In a fourth aspect of the present invention, there is provided a colorant for ink-jet printing ink, having an 
average particle diameter of 0.001 to 0.15 u,m, comprising: 
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extender pigments as core particles- 

a gluing agent-coating layer formed on at least a part of surface of said coating layer 
an organ.c p.gment coat uniformly formed on at least a part of said gluing agent coating layer. 

extender pigments as core particles; 

a gluing agent coating layer formed on at least a part of surface of said coatinq- 
an organic pigment coat uniformly formed on at least a part of said gluing agent coating layer- and 

extender pigments as core particles; 

L 9 o r ni a9ent C ° a ! ing layer / ormed on at least a °f surface of said core particle; and 
an organ,c p.gment coat uniformly formed on at least a part of said gluing agent coaling layer. 

3Q Sine^^^ 

fOOae^nTlhtf" 1 10 20% b V weight based on the weight of the ink base solution 

-~foTe^ 

an average particle diameter of 0.001 to 0.1 5 urn, comprising: J P PQ haVm9 

35 extender pigments as core particles; 

a gluing agent coating layer formed on at least a part of surface of said core particle- and 
an organ,c p,gment coat uniformly formed on at least a part of said gluing agent coaling layer 

extender pigments as core particles; 

a gluing agent coating layer formed on at least a part of surface of said core particle- and 
an organ* p.gment coat uniformly formed on at least a part of said gluing agent coaling layer. 

white inorganic particles as core particles; 

a gluing agent coating layer formed on at least a part of surface of said white inorganic particles- and 
extender pigments as core particles; 
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a coating layer formed on at least a part of surface of said core particle, comprising at least one compound selected 
from the group consisting of hydroxides of aluminum, oxides of aluminum, hydroxides of silicon and oxides of 
silicon; 

a gluing agent-coating layer formed on at least a part of surface of said coating layer; 
5 an organic pigment coat uniformly formed on at least a part of said gluing agent coating layer in an amount of 1 

to 500 parts by weight based on 100 parts by weight of the white inorganic particles. 

Fig. 1 is a micrograph (x 50,000) of silica particles used in Example 1 ; 
Fig. 2 is a micrograph (x 50,000) of organic pigments A used in Example 1 ; 
10 Fig. 3 is a micrograph (x 50,000) of a colorant used in Example 1 ; 

Fig. 4 is a micrograph (x 50,000) of a simple mixture of silica particles and organic pigments A used for comparison 
in Example 1; 

Fig. 5 is a micrograph (x 50,000) of organic pigments B used in Example 17; 
Fig. 6 is a micrograph (x 50,000) of a colorant for ink-jet printing ink obtained in Example 1 7; 
15 Fig. 7 is a micrograph (x 50,000) of a simple mixture of silica particles and organic pigments B used for comparison 

in Example 1 ; 

Fig. 8 is a micrograph (x 50,000) of organic pigments D used in Example 18; 
Fig. 9 is a micrograph (x 50,000) of a colorant for ink-jet printing ink obtained in Example 18; and 
Fig. 1 0 is a micrograph ( x 50,000) of a simple mixture of silica particles and organic pigments D used for comparison 
20 in Example 1 . 

[0030] The present invention will now be described in detail below. 

[0031] First, the colorant for ink-jet printing ink and the organic and inorganic composite particles according to the 
present invention are described. 
25 [0032] The colorant for ink-jet printing ink according to the present invention has an average particle diameter of 
0.001 to 0.15 pxn, and comprises extender pigments as core particles, a gluing agent coating layer formed on at least 
a part of the surface of the respective core particles, and an organic pigment coat uniformly formed onto at least a part 
of the gluing agent coating layer. 

[0033] The organic and inorganic composite particles according to the present invention have an average particle 
30 diameter of from 0.001 to less than 0.01 u.m, and comprise white inorganic particles as core particles, a gluing agent 
coating layer formed on at least a part of the surface of the respective white inorganic particles, and an organic pigment 
coat formed onto at least a part of the gluing agent coating layer. 

[0034] As the extender pigments used in the present invention, there may be exemplified silica particles such as 
silica powder, white carbon particles, fine silicic acid powder and diatomaceous earth particles, clay particles, calcium 
35 carbonate particles, precipitated barium sulfate particles, alumina white particles, talc, transparent titanium oxide par- 
ticles, satin white particles or the like. Among these extender pigments, silica particles are preferred in the consideration 
of good hue of the obtained colorant for ink-jet printing ink. 

[0035] As the white inorganic particles used in the present invention, in addition to the above extender pigments, 
there may be exemplified white pigments such as titanium dioxide particles and zinc oxide particles; pearl pigments 

40 such as titanium mica particles and muscovite particles; or the like. The white inorganic particles may be appropriately 
selected from the above-exemplified particles according to properties required therefor or applications thereof. 
[0036] The core particles may be those having any suitable shape such as spherical particles, granular particles, 
polyhedral particles, acicular particles, spindle-shaped particles, rice ball-shaped particles, flake-shaped particles, 
scale-shaped particles and plate-shaped particles. 

45 [0037] In particular, in the case of the colorant for Ink-jet printing inks, the core particles thereof preferably have a 
spherical, granular or polyhedral shape. In the consideration of good dispersion stability of the obtained ink-jet printing 
ink, spherical particles or granular particles having a sphericity (average particle diameter (average maximum diameter) 
/average minimum diameter; hereinafter referred to merely as "sphericity") of from 1 .0 to less than 2.0. 
[0038] The core particles have an average particle diameter of preferably 0.0009 to 0.14 jim, more preferably 0.002 

so to 0.11 p,m, still more preferably 0.004 to 0.09 jim. 

[0039] When the average particle diameter of the core particles is more than 0.14 urn, the obtained colorant may 
become coarse, resulting in deteriorated transparency and dispersibility. When the average particle diameter of the 
core particles is less than 0.0009 \xm, such particles may tend to be agglomerated due to fine particles. As a result, it 
may be difficult to form a uniform gluing agent-coating layer on the surface of the core particles, and uniformly adhere 

55 the organic pigments onto the surface of the coating layer. 

[0040] The core particles have a BET specific surface area value of preferably not less than 1 5 m 2 /g. When the BET 
specific surface area value is less than 1 5 m 2 /g, the core particles may become coarse, and the obtained colorant may 
also become coarse and, therefore, tend to be deteriorated in transparency and dispersibility. In the consideration of 
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[0045] In particular, in the case where fine silica particles are used as the core oarticles it k nr e f D r Q hi t 
organosNicon compounds or the siiane-based coupling agents as the gluing agent" ' Preferab ' e t0 

10046] As organosihcon compounds used in the oresent invpntinn Q t i^L* ^ 

[0047] The brcjanosilana compounds (1 ) can be produced from altayailane compounds ,ap,eean,ad by ,ha lormula 



Rl a SiX 4-a (|) 



ra^c^V 0 "^" 0 " 2 - " "- <VW <Wh8re '" 6 * " ""*»">' ' - X » »*>. » W, and a 

53=SS==£=5jK=3S= 

[0049] As the polysiloxanes (2), there may be used those compounds represented by the formula (II) : 
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CH 3 R 2 CH 3 

CH 3 -Si- 0-( Si- 0-) Si- CH 3 (II ) 

CH 3 CH 3 d CH 3 



10 wherein R 2 is H- or CH 3 -, and d is an integer of 1 5 to 450. 

[0050] As the modified polysiloxanes (2-A), there may be used: 

(a1) polysiloxanes modified with polyethers represented by the formula (III): 

15 

CH 3 CH 3 CH 3 CH 3 

CH 3 -Si— 0-( Si— 0-)-f-Si— O— )— Si— CH 3 (III) 

CH 3 R 3 R CH 3 



25 



O— f- CH 2 ~ CH- O— ) — R 5 



wherein R3 is -(-CH 2 -) h S R 4 "s -(-CH 2 -) r CH 3 ; R5 is -OH, -COOH, -CH=CH 2 , -CH(CH 3 )=CH 2 or -(-CH 2 -) r CH 3 ; R6 
is -(-CH 2 -) k -CH 3 ; g and h are an integer of 1 to 15; i, j and k are an integer of 0 to 15; e is an integer of 1 to 50; 
and f is an integer of 1 to 300; 
30 (a2) polysiloxanes modified with polyesters represented by the formula (IV): 



35 




(IV) 



wherein R 7 , R 8 and R 9 are -(-CH 2 -) q - and may be the same or different; R 10 is -OH, -COOH, -CH=CH 2 , -CH(CH 3 ) 
=CH 2 or -(-CH 2 -) r -CH 3 ; R 11 is -(-CH 2 -) S -CH 3 ; n and q are an integer of 1 to 15; r and s are an integer of 0 to 15; e' 
is an integer of 1 to 50; and V is an integer of 1 to 300; 
45 (a3) polysiloxanes modified with epoxy compounds represented by the formula (V): 



50 



GH 3 



CH 3 



CH 3 CH 3 

CH 3 — Si— Q~4 Si— 0-)~(-Si— O— )— Si— CH 2 

I v I 12 t x I u I 

CH 3 R CH 3 CH 3 



(V) 



55 



O- CH 2 — CH CH 2 



wherein R 12 is -(-CH 2 -) V -; v is an integer of 1 to 15; t is an integer of 1 to 50; and u is an integer of 1 to 300; or a 
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mixture thereof. 

As the terminal-modified polysiloxanes (2-B), there may be used those represented by the formula (VI): 

5 

CH 3 CH 3 Rl5 CH . 

R 13_si_ O-f-Si- O-ffsi- O^-Si- R 14 (VI ) 
CH 3 CH 3 W CH 3 X CH 3 

10 

™H° S; are - OH ' R160H ™ Rl7 COOH and may be the same or different- R« is . CH or C H ■ R ie 

and Ri7 are - ( -CH 2 , y , wherein y is an integer of 1 to 15; w is an integer of 1 to 200 and x is 1 intege! ^ 5 1 00 

are modified with carboxylio acid iCSJZS P * ^ P °'y siloxanes wh ° se terminals 

b^\or^^ 



CF 3 (CF 2 ) 2 CH 2 CH 2 (R 18 ) a .SiX 4 . a . (V||) 

:f h o; e o in 3 R18 iS CH3 -' CH3 °" " C2H5 °- ; X iS CH 3°-o^ 2 H 5 O- ; andzisan i nte g erof0to15; a nda, S anint eg er 

S2J!SS ^hoxysilana, tride- 

triffuoropropy, ethoxysiLe. tridecSluo^ 

these fluoroalkylsilane compounds, in view oiZTs^ 

wniMrepro^tilineft 

SroC t 
5a~ 

bis(dioctyl P yroph 08 phate)eti;ylenemanateoS 

agent-coated core particles 9 (calcula,ed as c ) ba sed on the weight of the gluing 

no^is^ ««" 0-01% ^ weight, i, may be difficui. to adhere 

of the gluing agont-coating *taye * ^^^^S ' > ""^ ° f ^ PartiC,eS ' When ,he amount 
of the organic pigment onto 1 11 parTby wel h to ^. «rS^^^^S!T ^ 1 * 5 °° ^ ^ Wei ^ ht 
agent-coating layer in an amount of more than 15.0% by weigh therethr ° Ugh ' * '* u ™ ec ^ry «° form the gluing 
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[0061] As the organic pigments used in the present invention, there may be exemplified various organic pigments 
ordinarily used as colorants for paints and resin compositions such as organic red-based pigments, organic blue-based 
pigments, organic yellow-based pigments, organic green-based pigments, organic orange-based pigments, organic 
brown-based pigments and organic violet-based pigments. 

5 [0062] Examples of the organic red-based pigments may include quinacridon pigments such as quinacridon red, 
azo-based pigments such as permanent carmine and permanent red, condensed azo pigments such as condensed 
azo red, perylene pigments such as perylene red, orthe like. Examples of the organic blue-based pigments may include 
phthalocyanine-based pigments such as metal-free phthalocyanine blue, phthalocyanine blue and fast sky blue, alkali 
blue, or the like. Examples of the organic yellow-based pigments may include monoazo-based pigments such as Hanza 

10 yellow, disazo-based pigments such as benzidine yellow and permanent yellow, condensed azo pigments such as 
condensed azo yellow, orthe like. Examples of the organic green-based pigments may include phthalocyanine-based 
pigments such as phthalocyanine green, or the like. Examples of the organic orange-based pigments may include azo- 
based pigments such as permanent orange, lithol fast orange and vulcan fast orange, or the like. Examples of the 
organic brown-based pigments may include azo-based pigments such as permanent brown and para brown, or the 

15 like. Examples of the organic violet-based pigments may include azo-based pigments such as fast violet, or the like. 
[0063] Meanwhile, these organic pigments may be used in the form of a mixture of any two or more thereof depending 
upon the hue required, or the two or more organic pigments of the same color type may be used in combination 
depending upon the hue and properties required. 

[0064] The amount of the organic pigments adhered is preferably 1 to 500 parts by weight, more preferably 30 to 
20 400 parts by weight, still more preferably 50 to 300 parts by weight based on 1 00 parts by weight of the core particles. 
[0065] When the amount of the organic pigments adhered is less than one part by weight, the amount of the organic 
pigments coated on the core particles is too small, so that it may be difficult to obtain the aimed colorant having a clear 
hue according to the present invention. When the amount of the organic pigments adhered is more than 500 parts by 
weight, the organic pigments tend to be desorbed from the core particles because of too large amount of the organic 
25 pigments adhered. As a result, the colorant may be deteriorated in dispersibility in ink-jet printing inks or vehicles. 

[0066] The particle shape and particle size of the colorant for ink-jet printing ink and the organic and inorganic com- 
posite particles according to the present invention may largely depend upon those of the core particles. The colorant 
and the organic and inorganic composite particles may have a particle configuration similar to that of the core particles, 
i.e., a slightly larger particle size than that of the core particles. 
30 [0067] Specifically, the colorant for ink-jet printing ink according to the present invention has an average particle 
diameter of usually 0.001 to 0.15 nm, preferably 0.003 to 0.12 ujti, more preferably 0.005 to 0.10 urn. 
[0068] The organic and inorganic composite particles according to the present invention have an average particle 
diameter of preferably from 0.001 to less than 0.01 urn. 

[0069] When the average particle diameter of the colorant for ink-jet printing ink according to the present invention 
35 is more than 0.1 5 ujti, it may be difficult to prevent the obtained ink-jet printing ink from clogging a head portion of an 
ink-jet recording apparatus because of too large particle size thereof. When the average particle diameter of the colorant 
is less than 0.001 jim, the colorant tends to be agglomerated together due to fine particles, so that it may become 
difficult to disperse the colorant in the ink-jet printing ink. 

[0070] The colorant for ink-jet printing ink and the organic and inorganic composite particles according to the present 

40 invention have a BET specific surface area value of preferably 15 to 500 m 2 /g, more preferably 20 to 450 rr^/g, still 
more preferably 25 to 400 m 2 /g. When the BET specific surface area value is less than 15 m 2 /g, the obtained colorant 
for ink-jet printing ink, and organic and inorganic composite particles may become coarse. Further the colorant for ink- 
jet printing ink tends to be deteriorated in transparency. When the BET specific surface area value is more than 500 
m 2 /g, the obtained colorant for ink-jet printing ink and organic and inorganic composite particles may tend to be ag- 

45 glomerated together due to fine particles, resulting in deteriorated dispersibility In ink-jet printing inks or vehicles. 

[0071] As to the hue of the colorant for ink-jet printing ink according to the present invention, the C* value thereof is 
preferably not less than 20, more preferably not less than 21 , still more preferably not less than 22. In particular, in the 
case where the organic red-based pigments or the organic yellow-based pigments are used as the organic pigments, 
the C* value thereof is preferably not less than 40, more preferably not less than 45, still more preferably not less than 

50 50. When the C* value is less than 20, the obtained colorant for ink-jet printing ink may fail to show a clear hue. 

[0072] The colorant for ink-jet printing ink according to the present invention has a specific gravity of preferably 1 .3 
to 3.5, more preferably 1 .4 to 3,0, still more preferably 1.5 to 2.5, further still more preferably 1.6 to 2.2. When the 
specific gravity of the colorant for ink-jet printing ink is more than 3.5, the resultant ink-jet printing ink tends to be 
deteriorated in dispersion stability. 

55 [0073] The colorant for ink-jet printing ink according to the present invention has a hiding power of preferably less 
than 1 ,000 cm 2 /g, more preferably not more than 900 cm 2 /g, still more preferably not more than 800 cm 2 /g. When the 
hiding power of is not less than 1 ,000 cm 2 /g, the colorant for ink-jet printing ink tends to be deteriorated in transparency. 
[0074] The tinting strength of the colorant for ink-jet printing ink and the organic and inorganic composite particles 
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to the present invention are substantially the same in particle size, BET specific surface area value, specific gravity, 
hue, hiding power, tinting strength and light resistance as those of the colorant using the core particles having no 
intermediate coat according to the present invention. The degree of desorption of the organic pigments from the colorant 
can be improved by forming the intermediate coat on the core particles such that the colorant can show an organic 

5 pigment desorption degree of preferably the rank 5. 

[0090] The organic and inorganic composite particles produced by using the core particles having the intermediate 
coat according to the present invention are substantially the same in particle size, BET specific surface area value, 
hue, tinting strength and light resistance as those of the organic and inorganic composite particles using the core 
particles having no intermediate coat according to the present invention. The degree of desorption of the organic 

10 pigments from the organic and inorganic composite particles can be improved by forming the intermediate coat on the 
core particles such that the organic and inorganic composite particles can show an organic pigment desorption degree 
of preferably the rank 5. 

[0091] Next, the ink-jet printing ink containing the colorant of the present invention is described. 
[0092] The ink-jet printing ink of the present invention comprises the colorant for ink-jet printing ink according to the 
15 present invention, a dispersant and water, and may further contain, if required, a water-soluble resin, a penetrant, a 
humectant, a water-soluble solvent, a pH modifier, a preservative or the like. 

[0093] The amount of the colorant contained in the ink-jet printing ink is usually 1 to 20% by weight based on the 
weight of the ink base solution. 

[0094] The amount of the dispersant contained in the ink-jet printing ink is preferably 5 to 200% by weight, more 
20 preferably 7.5 to 150% by weight, still more preferably 10 to 1 00% by weight based on the weight of the colorant for 
the ink-jet printing ink. 

[0095] As the dispersant, there may be used the same surfactants and/or polymeric dispersing agents as used for 
coating the surface of the colorant. In the consideration of good dispersibility of the colorant in the ink-jet printing ink 
and good dispersion stability of the obtained ink, as the surfactant, anionic surfactants and nonionic surfactants are 
25 preferred, and as the polymeric dispersing agent, water-soluble resins such as styrene-acrylic acid copolymers are 
preferred. 

[0096] As the solvent for the ink-jet printing ink, water may be used, if required, in combination with a water-soluble 
organic solvent. The amount of the water-soluble organic solvent contained in the ink-jet printing ink is preferably 1 to 
50% by weight, more preferably 1 to 40% by weight, still more preferably 1 to 30% by weight based on the weight of 
30 the ink base solution. 

[0097] Examples of the water-soluble organic solvent may include monohydric alcohols such as methanol, ethanol, 
n-propanol and isopropanol; dihydric alcohols such as ethylene glycol, diethylene glycol triethylene glycol, tetraethyl- 
ene glycol, propylene glycol and dipropylene glycol; trihydric alcohols such as glycerol; polyalkylene glycols such as 
polyethylene glycol; lower alkyl esters of polyhydric alcohols such as diethylene glycol monobutyl ether, ethylene glycol 
35 monobutyl ether and ethylene glycol monoethyl ether; or the like. These water-soluble organic solvents may be used 
alone or in the from of a mixture of any two or more thereof. Among these water-soluble organic solvents, dihydric 
alcohols are preferred. 

[0098] The colorant dispersed in the ink-jet printing ink according to the present invention has an average dispersed 
particle diameter (D^) of preferably not more than 0.2 |xm, more preferably not more than 0.15 jam, still more preferably 
40 not more than 0.1 ujti. When the dispersed particle diameter (D 50 ) of the colorant contained in the ink is more than 0.2 
ujti, a head portion of the ink-jet recording apparatus tends to be clogged therewith, and the dispersibility of the colorant 
in the ink-jet printing ink tends to be deteriorated. 

[0099] The dispersion stability of the ink-jet printing ink according to the present invention is preferably the rank 4 or 
5, more preferably the rank 5 when visually observed and evaluated by the below-mentioned method. The percentage 

45 of change in dispersed particle diameter (D 50 ) is preferably not more than 10%, more preferably not more than 8%. 
[0100] As to the hue of printed images formed by using the ink-jet printing ink of the present invention, the C* value 
thereof is preferably not less than 20, more preferably not less than 22, still more preferably not less than 24. In particular, 
when the ink-jet printing ink contains such a colorant using the organic red-based pigments or organic yellow-based 
pigments as the organic pigments, the C* value of printed images thereof is preferably not less than 40, more preferably 

50 not less than 45, still more preferably not less than 50. When the C* value is less than 20, the resultant printed images 
may fail to exhibit a clear hue. 

[0101] As to the light resistance of the printed images obtained by using the ink-jet printing ink of the present invention, 
the AE* value thereof is preferably not more than 3.0, more preferably not more than 2.5, still more preferably not more 
than 2.0. 

55 [0102] The ink-jet printing ink of the present invention has an anti-clogging property at a head portion of preferably 
the rank 4 or 5, more preferably the rank 5 when visually observed and evaluated by the below-mentioned method. 
[0103] Next, the aqueous pigment dispersion containing the colorant for the ink-jet printing ink according to the 
present invention which dispersion is used for the production of the ink-jet printing ink, is described. 
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[0120] As the adding method, a con«nuous addition method and a divided addition method may be exempted. In 
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case of continuously addingthe organic pigments, the organic pigment may be added slowly and little by little, especially 
for a period of 5 minutes to 24 hours, preferably 5 minutes to 20 hours. In case of dividedly adding the organic pigments, 
the adding step of the organic pigments of 5 to 25 parts by weight based on 1 00 parts by weight of the core particles, 
and mixing and stirring step under the following conditions can be repeated until the added amount of the organic 

5 pigments reaches a predetermined amount thereof. 

[0121] The mixing and stirring conditions may be appropriately selected so as to form a uniform organic pigment 
coat on the gluing agent coating layer, and may be controlled such that the linear load is usually 1 9.6 to 1 ,960 N/cm 
(2 to 200 Kg/cm), preferably 98 to 1,470 N/cm (10 to 150 Kg/cm), more preferably 147 to 980 N/cm (15 to 100 Kg/cm); 
the treating time is usually 5 minutes to 24 hours, preferably 10 minutes to 20 hours; and the stirring speed is usually 

10 2 to 2,000 rpm, preferably 5 to 1 ,000 rpm, more preferably 10 to 800 rpm. 

[0122] The amount of the organic pigments added is usually 1 to 500 parts by weight, preferably 30 to 400 parts by 
weight, more preferably 50 to 300 parts by weight based on 1 00 parts by weight of the core particles. When the amount 
of the organic pigments added is out of the above-specified range, it may be difficult to obtain the aimed colorant for 
ink-jet printing ink. 

is [01 23] The heating temperature used in the drying and heating treatments is preferably 40 to 1 50°C, more preferably 
60 to 120°C, and the heating time is preferably 10 minutes to 12 hours, more preferably 30 minutes to 3 hours. 
[0124] Meanwhile, in the case where alkoxysilanes or fluoroalkylsilanes are used as the gluing agent, a coating layer 
composed of organosilane compounds obtainable from the alkoxysilanes or fluorine-containing organosilane com- 
pounds obtainable from the fluoroalkylsilanes is finally formed on the surface of the core particles when treated through 

20 these steps. 

[0125] In the production of the colorant for ink-jet printing ink, and the organic and inorganic composite particles 
according to the present invention, the organic pigments added are finely divided and adhered in the form of a uniform 
and dense adhesion coat on the surface of the core particles through the gluing agent when treated through the above 
steps. 

25 [0126] The colorant for ink-jet printing ink whose surface is coated with the surfactant and/or polymeric dispersing 
agent according to the present invention can be produced by coating the above-obtained colorant with the surfactant 
and/or polymeric dispersing agent. 

[01 27] The formation of the surfactant and/or polymeric dispersing agent coating layer on the surface of the colorant 
may be performed by mechanically mixing and stirring the colorant with the surfactant and/or polymeric dispersing 
30 agent. 

[0128] The amount of the surfactant and/or polymeric dispersing agent added is preferably 0.05 to 50 parts by weight 
based on 1 00 parts by weight of the colorant. By adding the surfactant and/or polymeric dispersing agent in an amount 
of 0.05 to 50 parts by weight, it is possible to further improve a dispersibility of the colorant in ink-jet printing ink, and 
a dispersion stability of the obtained ink. 
35 [01 29] The core particles may be previously coated, if required, with at least one compound selected from the group 
consisting of hydroxides of aluminum, oxides of aluminum, hydroxides of silicon and oxides of silicon, prior to mixing 
and stirring with the gluing agent. 

[0130] The formation of the intermediate coat is conducted as follows. That is, an aluminum compound, a silicon 
compound or both the aluminum and silicon compounds are added to a water suspension prepared by dispersing the 

40 core particles in water. The resultant mixture is mixed and stirred together and then, if required, the pH value thereof 
is adjusted adequately, thereby forming the intermediate coat, on the surface of the core particle. Thereafter, the thus- 
obtained core particles coated with at least one compound selected from the group consisting of hydroxides of alumi- 
num, oxides of aluminum, hydroxides of silicon and oxides of silicon are filtered out, washed with water, dried and then 
pulverized, and may be further subjected to subsequent treatments such as deaeration and compaction, if required. 

43 [0131] Examples of the aluminum compound may include aluminum salts such as aluminum acetate, aluminum 
sulfate, aluminum chloride and aluminum nitrate, alkali aluminates such as sodium aluminate, or the like. 
[0132] Examples of the silicon compound may include water glass #3, sodium orthosilicate, sodium metasilicate or 
the like. 

[0133] Next, the process for producing the ink-jet printing ink according to the present invention, is described. 

50 [0134] The ink-jet printing ink according to the present invention can be produced by mixing and dispersing a nec- 
essary amount of the colorant for ink-jet printing ink according to the present invention, a dispersant and water, if 
required, together with various additives such as a penetrant, a humectant, a water-soluble solvent, a pH modifier and 
a preservative using a dispersing device to form a primary dispersion; further mixing and dispersing the obtained 
dispersion together with water, a water-soluble solvent and other additives; and then filtering the resultant dispersion 

55 using a membrane filter. 

[0135] As the dispersing device, there may be used a ball mill, a sand mill, an attritor, a roll mill, a beads mill, a colloid 
mill, an ultrasonic homogenizer, a high-pressure homogenizer or the like. 

[0136] Next, the process for producing the aqueous pigment dispersion according to the present invention is de- 
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having a dispersed particle diameter (D 50 ) of about 0.2 [im, are adhered onto the surface of the extender pigments in 
the form of a uniform adhesion coat, namely the individual organic pigments can be kept in such a state similar to 
particles extremely finely dispersed in the ink. In addition, the colorant itself can exhibit an excellent dispersibility in 
the ink. 

[0150] The reason why the printed images obtained using the ink-jet printing ink of the present invention can exhibit 
an excellent light resistance, is considered as follows. The colorant of the present invention which are obtained by 
adhering the organic pigments having a remarkably excellent light resistance in the form of a uniform adhesion coat 
as compared to dyes onto the surface of the extender pigments, is used as a colorant for the ink-jet printing ink. 
[01 51] The colorantfor ink-jet printing ink according to the present invention can exhibit not only a high tinting strength 
and a clear hue, but also excellent dispersibility and light resistance in spite of fine particles and, therefore, can be 
suitably used as a colorant for ink-jet printing ink. 

[0152] The ink-jet printing ink of the present invention can exhibit an excellent dispersion stability, and can be pre- 
vented from clogging a head portion of an ink-jet recording apparatus. In addition, the printed images obtained using 
the ink-jet printing ink of the present invention can exhibit a clear hue and an excellent light resistance. Therefore, the 
ink-jet printing ink of the present invention can be suitably used as an ink for ink-jet recording. 

[0153] The organic and inorganic composite particles of the present invention can exhibit not only a high tinting 
strength and a clear hue, but also excellent dispersibility and light resistance in spite of fine particles and, therefore, 
can be suitably used as a colorant for paints, inks and resin compositions. 

[01 54] The present invention is described in more detail by Examples and Comparative Examples, but the Examples 
are only illustrative and, therefore, not intended to limit the scope of the present invention. 
[0155] Various properties were evaluated by the following methods. 

(1) The average particle size of the particles was expressed by an average value of 350 particles observed on a 
micrograph (x50,000). 

(2) The sphericity was expressed by a ratio of average particle diameter (average maximum diameter) to average 
minimum diameter. 

(3) The specific surface area was expressed by the value measured by a BET method. 
30 

(4) The specific gravity of each of the core particles, organic pigments, colorant for ink-jet printing ink, and organic 
and inorganic composite particles was measured using a "Multi-Volume Densitometer 1305-Model" (manufactured 
by Micro-Meritix Co., Ltd.). 

35 (5) The amounts of Al and Si which were present on the surface of core particle coated with at least one compound 

selected from the group consisting of hydroxides of aluminum, oxides of aluminum, hydroxides of silicon and oxides 
of silicon, were respectively measured by a fluorescent X-ray spectroscopy device "3063 M-type" (manufactured 
by RIGAKU DENKI KOGYO CO., LTD.) according to JIS K011 9 "General rule of fluorescent X-ray analysis". 

40 (6) The amount of the gluing agent coating layer formed on the surface of the core particles, the amount of the 

organic pigments adhered to the colorant for ink-jet printing ink and the organic and inorganic composite particles, 
and the amount of the surfactant and/or polymeric dispersing agent coated on the surface of the colorant for ink- 
jet printing ink , were respectively determined by measuring the carbon contents using "Horiba Metal, Carbon and 
Sulfur Analyzer EMIA-2200 Model" (manufactured by Horiba Seisakusho Co., Ltd.). 

(7) The degree of desorption of the organic pigments from the core particles was visually observed and evaluated 
by the following method, and the observation results were classified into the following five ranks. The rank 5 rep- 
resents that the amount of the organic pigments desorbed from the surface of the core particles was smallest. 

That is, 2 g of the particles to be measured and 20 ml of ethanol were placed in a 50-ml conical flask and then 
was subjected to ultrasonic dispersion for 60 minutes. Thereafter, the obtained dispersion was centrifuged at a 
rotating speed of 1 0,000 rpm for 1 5 minutes to separate the particles from the solvent. The obtained particles were 
dried at 80°C for one hour, and the micrograph (x 50,000) thereof was visually observed to count the number of 
the desorbed and re-aggregated organic pigment particles present in visual field of the micrograph. The micrograph 
was compared with a micrograph (x 50,000) of mixed particles obtained by simply mixing the core particles with 
the organic pigments without forming the gluing agent coating layer. The results are classified into the following 
five ranks. 

Rank 1 : Number of desorbed and re-aggregated particles was substantially the same as that in the simply mixed 



15 

BNSDOCID: <EP 1 264866A2_I_> 



50 



EP 1 264 866 A2 



particles; 

30 to 49 desorbed and re-aggregated particles per 100 core particles were recognized; 
10 to 29 desorbed and re-aggregated particles per 1 00 core particles were recognized; 
5 to 9 desorbed and re-aggregated particles per 100 core particles were recognized; and 
Oto 4 desorbed and re-aggregated particles per 100 core particles were recognized. 

(8) The hue of each of the core particles, organic pigments, colorantfor ink-jet printing ink, and organic and inorganic 
composite particles, were measured by the following method. 

That is, 0.5 g of each sample and 0.5 ml of castor oil were intimately kneaded together by a Hoover's muller 

10 to form a paste. 4.5 g of clear lacquer was added to the obtained paste and was intimately kneaded to form a paint. 

The obtained paint was applied on a cast-coated paper by using a 150 ^im (6-mil) applicator to produce a coating 
film piece (having a film thickness of about 30 ujti). The thus obtained coating film piece was measured by a Multi- 
Spectro-Colour-Meter M MSC-IS-2D" (manufactured by SUGA SHIKENKI CO., LTD.) to determine color specifica- 
tion values (L*, a* and b* values) thereof according to JIS Z 8729. Meanwhile, the C* value representing chroma 

*s is calculated according to the following formula: 

C* = ((a*) 2 + (b*) 2 ) 1/2 

20 (9) The tinting strength of each of the colorant for ink-jet printing ink, and the organic and inorganic composite 

particles was measured by the following method. 

That is, a primary color enamel and a vehicle enamel prepared by the below-mentioned method were respec- 
tively applied on a cast-coated paper by using a 1 50 ujti (6-mil) applicator to produce coating film pieces. The thus 
obtained coating film pieces were measured by a Multi-Spectro-Colour-Meter "MSC-IS^D" (manufactured by 

25 SUGA SHIKENKI CO., LTD.) to determine a color specification value (L* value) thereof according to JIS Z 8729. 

The difference between the obtained L* values was represented by a AL* value. 

Next, as a standard sample for the colorant for ink-jet printing ink, and organic and inorganic composite par- 
ticles, a mixed pigment was prepared by simply mixing the organic pigments and the core particles at the same 
mixing ratio as used for the production of the colorant for ink-jet printing ink and organic and inorganic composite 

30 particles. Using the thus prepared mixed pigment as standard sample, the same procedure as defined above was 

conducted to prepare an primary color enamel and a vehicle enamel, to form coating film pieces and to measure 
L* values thereof. The difference between the L* values was represented by a ALs* value. 

From the obtained AL* value of the colorant for ink-jet printing ink, and organic and inorganic composite par- 
ticles and ALs* value of the standard sample, the tinting strength (%) was calculated according to the following 

35 formula: 



Rank 2: 
Rank 3: 
Rank 4: 
5 Rank 5: 



Tinting strength (%) = 100 + {(ALs* - AL*) x 10} 

Preparation of primary color enamel: 

[0156] 10 g of the above sample particles, 16 g of an amino alkyd resin and 6 g of a thinner were blended together. 
The resultant mixture was added together with 90 g of 3mm<)) glass beads into a 140-ml glass bottle, and then mixed 
and dispersed for 45 minutes by a paint shaker. The obtained mixture was mixed with 50 g of an amino alkyd resin, 
and further dispersed for 5 minutes by a paint shaker, thereby obtaining an primary color enamel. 

Preparation of vehicle enamel: 

[01 57] 1 2 g of the above-prepared primary color enamel and 40 g of Aramic White (titanium dioxide-dispersed amino 
alkyd resin) were blended together, and the resultant mixture was mixed and dispersed for 1 5 minutes by a paint shaker, 
thereby preparing a vehicle enamel. 

(1 0) The hiding power of each of the core particles, organic pigments, colorant for ink-jet printing ink, and organic 
and inorganic composite particles was measured by the cryptometer method according to JIS K5101-8.2 using 
the above-prepared primary color enamel. 

(1 1 ) The light resistance of each of the colorant for ink-jet printing ink, and organic and inorganic composite particles 
was measured by the following method. 
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That is, the primary color enamel as prepared above was applied onto a cold-rolled steel plate (0.8 mm x 70 
mm x 150 mm; JIS G-3141) and dried to form a coating film having a thickness of 150 ujti. One half of the thus 
prepared test specimen was covered with a metal foil, and an ultraviolet light was continuously irradiated over the 
test specimen at an intensity of 1 00 mW/cm 2 for 6 hours using "EYE SUPER UV TESTER SUV-W13" (manufac- 
tured by IWASAKI DENKI CO., LTD.). Then, the hues (L*, a* and b* values) of the UV- irradiated portion and the 
metal foil-covered non-irradiated portion of the test specimen were respectively measured using a Multi-Spec- 
tro-Colour-Meter "MSC-IS-2D" (manufactured by SUGA SH IKENKI CO ., LTD.). The AE* value was calculated from 
differences between the measured hue values of the metal foil-covered non-irradiated portion and the UV-irradiated 
portion according to the following formula: 

AE* » [(AL*) 2 + (Aa*) 2 + (Ab*) 2 ] 1/2 

wherein AL* represents the difference between L* values of the non-irradiated and UV-irradiated portions; Aa* 
is represents the difference between a* values of the non-irradiated and UV-irradiated portions; and Ab* represents 

the difference between b* values of the non-irradiated and UV-irradiated portions. 

(12) The dispersed particle diameter (D 50 ) of particles contained in the ink-jet printing ink and aqueous pigment 
dispersion was measured by a laser diffraction-type particle size distribution measuring device "Model HELOSLA/ 

20 KA" manufactured by SYMPATEC Co., Ltd. 

(13) The dispersion stability of the ink-jet printing ink was evaluated as follows. That is, 25 ml of an ink-jet printing 
ink to be measured was placed in a tube color comparison and allowed to stand at 60°C for one month. Then, the 
degree of precipitation of the colorant contained in the ink-jet printing ink was visually observed and evaluated. 

25 The observation results were classified into the following five ranks. 

Rank 1 : Length of uncolored portion was not less than 10 cm; 
Rank 2: Length of uncolored portion was from 5 cm to less than 10 cm; 
Rank 3: Length of uncolored portion was from 1 cm to less than 5 cm; 
30 Rank 4: Length of uncolored portion was less than 1 cm; 

Rank 5: Uncolored portion was not recognized. 

(14) The percentage of change in dispersed particle diameter (D 50 ) of particles contained in the ink-jet printing ink 
and aqueous pigment dispersion were determined as follows. That is, after an ink or aqueous pigment dispersion 

35 to be measured was allowed to stand at 60° C for one month, the dispersed particle diameter (D 50 ) of particles 

contained therein was measured by a laser diffraction-type particle size distribution measuring device "Model 
HELOSLA/KA" manufactured by SYMPATEC Co., Ltd. The percentage of change in dispersed particle diameter 
was expressed by the value (%) obtained by dividing the amount of change in dispersed particle diameter between 
before and after the standing test by the dispersed particle diameter measured before the standing test. 



40 



45 



(1 5) The hue and chroma of the ink-jet printing ink were expressed by the color specification values (L*, a* and b* 
values) and the C* value, respectively, which were determined according to JIS Z 8729 by measuring the hue of 
images printed on a plain paper "KB" (produced by KOKUYO CO., LTD.) using a Multi-Spectro-Colour-Meter 
"MSC-IS-2D" (manufactured by SUGA SHIKENKI CO., LTD.). 



(16) The light resistance of the ink-jet printing ink was measured by the following method. 

That is, images were printed on a plain paper "KB" (produced by KOKUYO CO., LTD.) using an ink-jet printing 
ink to be measured. One half of the thus printed paper was covered with a metal foil, and an ultraviolet light was 
continuously irradiated over the paper at an intensity of 1 00 mW/cm 2 for 6 hours using "EYE SUPER UV TESTER 

so SUV-W13" (manufactured by IWASAKI DENKI CO., LTD.). Then, the hues (L*, a* and b* values) of the printed 

images on the UV-irradiated portion and the metal foil-covered non-irradiated portion of the paper were respectively 
measured using a Multi-Spectro-Colour-Meter "MSC-IS-2D" (manufactured by SUGA SHIKENKI CO., LTD.). The 
AE* value was calculated from differences between the measured hue values of the printed images formed on the 
metal foil-covered n on- irradiated portion and UV-irradiated portion of the paper according to the above formula. 

55 The light resistance of the ink-jet printing ink was expressed by the AE* value. 

(17) The anti-clogging property of the ink-jet printing ink was determined as follows. That is, an ink to be measured 
was filled in an ink cartridge of an ink jet printer "DESKJET 970Cxi" (manufactured by HEWLETT PACKARD 
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t?£ R 5 t0 reP t Ga j ed,y Print imaQeS ° n P,ain papers ,,KB " (Produced by KOKUYO CO., LTD.) at room tempera- 

S^i^TTT WGre ViSUa, ' y ° bSen/ed 10 GXamine the degreeS 0f ^-uniformity, lack .Tr^X 
defects thereof. The observation results were classified into the following five ranks. 



Rank 1: 



Rank 2: 
Rank 3: 
Rank 4: 



Non^uniformity, lack or non-jetted defects of printed images were caused subsequent to the first printed ' 

NoS'unJZS' ° r non "j ette ^ defects of ^ages were not caused until the 5th printed paper 

Non-un orm ty, lack or non-jetted defects of printed images were not caused until the 1 0th printed paper 

pa'eranT^ " " """^ * ^ Were " 0t caused ^ »• ™ £Kd 

Ranks: Non-uniformity, lack or non-jetted defects of printed images were not caused until the 25th printed paper. 

Example 1: 

Production of colorant for ink-jet printing ink> 

[0158] 280 g of methyl hydrogen polysiloxane (tradename: TSF484", produced by GE TOSHIBA SILICONE CO 
[0159] Then, 7.0 kg of organic pigments A as shown in the microqraph fx 50 000^ of Fin o /WnH- r*h«.». 

Vi Mine ^.„I 'm Tl 2 ™' aadl " 0n ' " Was C0 * mM tW « h9 »">'»™ "« « N*9 p3 Of So £S 

50 Hnd ndllenS'f "'^"If redUCSd in P article si2e - and the parti were dispersed sepa- 

of fhe ^TS2S. ftWn ° ther ' therebV fai,in9 10 f ° rm 8 Unif0rm - d — «* -*«d onto the surface 

Example 2: 

55 <Production of ink-jet printing ink A> 



addend 2£^Z^ ° f T eXC * an9 . ed water and 1 2 weight of a dispersant (mixture of polyacrylic 

acd and styrene-male.c ac.d copolymer (m.xmg ratio: 8:2)) were charged into a sand mill and mixed with each otSer 
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Then, 1 0.0 parts by weight of the colorant obtained in Example 1 and 0.3 part by weight of a defoaming agent (silicone- 
based defoatner) were added to the mixed solution, and the resultant mixture was mixed and dispersed for one hour, 
thereby obtaining a primary dispersion for an ink-jet printing ink. 

[0164] Next, the following components were mixed and stirred at the mixing ratio shown below, and the resultant 
5 mixture was passed through a 0.5 u.m-mesh membrane filter, thereby obtaining an ink-jet printing ink. 





Ink composition 




Primary dispersion for ink-jet printing ink 


10.0 parts by weight 


10 


DieLhylene glycol 


2.0 parts by weight 




Ion-exchanged water 


8.0 parts by weight 



[01 65] The thus obtained ink-jet printing ink had a dispersed particle diameter (D 50 ) of 0.03 urn; a dispersion stability 
(by visual observation) of Rank 5; a percentage of change in dispersed particle diameter (D 50 ) of 6.6%; a light resistance 
15 (AE* value) of 1 .0; and an anti-clogging property of Rank 5. As to the hue of the ink-jet printing ink, the L* value thereof 
was 21 .0; the a* value thereof was 9.0; the b* value thereof was -21 .5; and the C* value thereof was 23.3. 

Example 3: 

20 < Production of aqueous pigment dispersion> 

[0166] 78.5 parts by weight of ion-exchanged water and 1 .2 parts by weight of a dispersant (mixture of polyacrylic 
acid and styrene-maleic acid copolymer (mixing ratio: 8:2)) were charged into a sand mill and mixed with each other. 
Then, 20.0 parts by weight of the colorant obtained in Example 1 and 0.3 part by weight of a defoaming agent (silicone- 
's based defoamer) were added to the mixed solution, and the resultant mixture was mixed and dispersed for one hour 
and passed through a 0.5 pm-mesh membrane filter, thereby obtaining an aqueous pigment dispersion. 
[01 67] The thus obtained aqueous pigment dispersion had a dispersed particle diameter (D^) of 0.02 ujti; a disper- 
sion stability (by visual observation) of Rank 5; and a percentage of change in dispersed particle diameter (D 50 ) of 6.0%. 

30 Example 4: 

<Production of ink-jet printing ink B> 

[0168] 25.0 parts by weight of the aqueous pigment dispersion obtained in Example 3, 64.6 parts by weight of ion- 
35 exchanged water, 10.0 parts by weight of diethylene glycol, 0.3 part by weight of a dispersant (mixture of polyacrylic 
acid and styrene-maleic acid copolymer (mixing ratio: 8:2)) and 0.1 part by weight of a defoaming agent (silicone-based 
defoamer) were charged into a sand mill, mixed and dispersed for one hour and then passed through a 0.5 urn-mesh 
membrane filter, thereby obtaining an ink-jet printing ink B. 

[0169] The thus obtained ink-jet printing ink B had a dispersed particle diameter (D 50 ) of 0.02 ujti; a dispersion 
40 stability (by visual observation) of Rank 5; a percentage of change in dispersed particle diameter (D 5 q) of 5.9%; a light 
resistance (AE* value) of 0.9; and an anti-clogging property of Rank 5. As to the hue of the ink-jet printing ink B, the 
L* value thereof was 21 .3; the a* value thereof was 9.2; the b* value thereof was -21 .7; and the C* value thereof was 
23.6. 

45 Example 5: 

< Production of organic and inorganic composite particles> 

[0170] 140 g of methyl hydrogen polysiloxane (tradename: "TSF484", produced by GE TOSHIBA SILICONE CO., 
so LTD.) was added to 7.0 kg of silica particles (particle shape: spherical shape; average particle diameter: 0.005 urn; 
sphericity: 1.03; BET specific surface area value: 312.6 m 2 /g; specific gravity: 2.28; L* value: 92.2; a* value: 0.1; b* 
value: 1 .3; C* value: 1 .3; hiding power: 6 cm 2 /g) while operating an edge runner, and the resultant mixture was mixed 
and stirred for 20 minutes under a linear load of 588 N/cm (60 Kg/cm) at a stirring speed of 22 rpm. 
[0171] Then, 7.0 kg of organic pigments B (kind: quinacridone-based pigments; particle shape: granular shape; av- 
55 erage particle diameter: 0.58 um; BET specific surface area value: 1 9.3 m 2 /g; specific gravity: 1 .68; hiding power: 480 
cm 2 /g; light resistance (AE* value): 14.7; L* value: 37.0; a* value: 51 .9; b* value: 20.6; C* value: 55. B) were added to 
the above-obtained mixture for 150 minutes while operating the edge runner, and the resultant mixture was mixed and 
stirred for 90 minutes under a linear load of 441 N/cm (45 Kg/cm) at a stirring speed of 22 rpm, thereby forming the 



19 



BNSDOCID: <EP 1264866A2_L> 



EP 1 264 866 A2 



10 



15 



^^^^ 

Core particles 1 to 6: 

[0174] Core particles 1 to 6 having properties shown in Table 1 were prepared. 
25 Core particles 7: 

ILTof waterreXiKftL^^r IT" * * P ~ ,n8 2 ° k9 ° f Silica ' artic,es < c " e P«*- D - 150 

[0176] Variouspropertiesoftheobtained^^ 
Core particles 8 to 12: 

Organic pigments A to E: 

[0180] Organic pigments A to E having properties as shown in Table 4 were prepared. 
Examples 6 to 1 8 and Comparative Examples 1 to 4- 
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[0182] Meanwhile, in Example 1 0, after 50 parts by weight of the organic pigments B and 70 parts by weight of the 
organic pigments D were previously mixed together using a Henschel mixer, etc., the obtained mixed pigments were 
intermittently added five times in an amount of 20.0 parts by weight each to 1 00 parts by weight of the core particles 
such that the total amount of the mixed pigments added was 120 parts by weight. 
5 [0183] In Example 13, after 40 parts by weight of the organic pigments B and 20 parts by weight of the organic 
pigments A were previously mixed together using a Henschel mixer, etc., 60 parts by weight of the obtained mixed 
pigments were continuously added to 100 parts by weight of the core particles for 120 minutes. 
[0184] The essential production conditions are shown in Tables 5 and 6, and various properties of the obtained 
colorants are shown in Tables 7 and 8. 

10 

Comparative Example 5 (Follow-up test of Example 1 of Japanese Patent No. 3097208): 

[0185] The silica particles (core particles 1) were dispersed in distilled water at the below-mentioned blending ratio. 
A silane-based coupling agent (y-aminopropyl triethoxysilane) was gradually added to the obtained dispersion. After 

15 completion of addition of the silane-based coupling agent, the dispersion was allowed to stand at 50°C for several 
hours until the reaction between the silica particles and the silane-based coupling agent was completed. Meanwhile, 
the termination of the reaction between the silica particles and the silane-based coupling agent was determined using 
FT-IR "MAGNA-IR" (manufactured by Nicolett Co., Ltd.), The resultant dispersion was transferred into an attritor, and 
the organic pigments A (phthalocyanine-based pigments) were added to the dispersion. The resultant mixture was 

20 dispersed for 1 2 hours to conduct the reaction between the silane-based coupling agent and the organic pigments A. 



Dispersion composition: 


Silica particles 
Distilled water 

Siiane-based coupling agent 
Organic pigments A 


10.0 parts by weight 
84.3 parts by weight 
0.2 part by weight 
5.0 parts by weight 



[0186] Various properties of the thus obtained colored silica particles are shown in Table 8. 

30 

Comparative Example 6 (Follow-up test of Examples of Japanese Patent No. 3105511): 

[0187] 9.6 g of the silica particles (core particles 1) were placed in a 500-ml round bottom flask equipped with a 
magnetic stirrer and a Dean-Stark trap : and dried therein at 1 00°C for 24 hours. 300 ml of toluene previously dried by 

35 azeotropic distillation under a nitrogen atmosphere, and 2.9 g of a silane-based coupling agent (y-aminopropyl triethox- 
ysilane) were added to the dried silica particles. The obtained suspension was refluxed at 111°C for 5 hours, cooled 
to room temperature, and then centrifuged at a rotating speed of about 1 0,000 rpm. After removing a supernatant from 
the suspension, the resultant precipitate was washed with 500 ml of dichloromethane, and successively the mixture 
of the precipitate and dichloromethane was centrifuged. After a supernatant was removed from the mixture, the obtained 

40 residues were dried at 40°C for 2.5 days in a vacuum dryer (200 mmHg), thereby obtaining 9.6 g of white particles 
(yield: 76%). 

[0188] Next, an aqueous mixture prepared by dispersing 1 .0 g of the above silica particles containing the silane- 
based coupling agent and 1 .0 g of brilliant blue FCF in 40 ml of water, was placed in a round bottom flask equipped 
with a magnetic stirrer, stirred therein at room temperature for 18 hours, and then centrifuged. The resultant residues 
45 W ere dispersed in water and then centrifuged until the supernatant became colorless. The obtained residues were re- 
dispersed in water, and then freeze-dried using a freeze dryer, thereby 0.75 g of colored silica particles. 
[0189] Various properties of the obtained colored silica particles are shown in Table 8. 

Example 19: 

50 

[0190] 20 g of sodium docecylbenzenesulfonate (anionic surfactant) was added to 2 kg of the colorant obtained in 
Example 6, and the resultant mixture was stirred at 30°C for 30 minutes using a Henschel mixer, thereby obtaining 
coated colorants. 

[0191] The essential production conditions are shown in Table 9, and various properties of the obtained coated 
55 colorants are shown in Table 10. 
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Examples 20 to 22: 

. Ss=35=33£S3S£S5s 

^ ^IZESST C ° nditi0nS Sh ° Wn in Tab,e 9 ' and Vari ° US ^ erties °< »• rained coated 
" Examples 23 to 40 and Comparative Examples 7 to 1 6: 

Examples 41 to 46 and Comparative Examples 1 7 to 23: 

JUS ,n T^T"" P, °° UC ' ton 0,>n<li " OnS Va " OUS " »» «■""•» Pismem d„pe„ tons .„ 

Examples 47 to 52 and Comparative Examples 24 to 30: 
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Table 1 



Kind of 
core 
particles 


Properties of core particles 


Kind 


Shape 


Average 

pel IT LJ.CJ.C 

diameter 
(Tim) 


Core 
particles 1 


Silica 


Spherical 


0 .021 


Core 
particles 2 


Silica 


Granular 


0.013 


Core 
particles 3 


Silica 


Spherical 


0 .005 


Core 
particles 4 


Alumina 


Granular 


0 .098 


Core 
particles 5 


Precipitated 
barium sulfate 


Granular 


0.059 


Core 
particles 6 


Titanium oxide 


Granular 


0 .008 



Table 1 (continued) 



Kind of 
core 
particles 


Properties of core particles 


Sphericity 
(-) 


BET specific 
surface area 
value (m 2 /g) 


Specific 
gravity 
(-) 


Core 
particles 1 


1.02 


196.2 


2.19 


Core 
particles 2 


1.28 


256.3 


2.43 


Core 
particles 3 


1.03 


312. 6 


2.28 


Core 
particles 4 


1.31 


41 .3 


3.65 


Core 
particles 5 


1.22 


21.3 


4.15 


Core 
particles 6 


1. 04 


92 .2 


4 .17 j 
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Table 1 (conHnn^) 





K i nn c~\ "F r\~v~ 

particles 


j Properties of core particles 


10 


Hue 


Hiding 


15 




L* 
value 
(-> 


value 
(-) 


b* 
value 
(-) 


C* 
value 
(-) 


(cm 2 /g) 




Core 
fjaxxicxes x 


93.1 


0.1 


0.3 


0.3 


6 


20 


Core 
particles 2 


94.0 


0.3 


-0.1 


0.3 


11 


25 


Core 
particles 3 


92.2 


0.1 


1.3 


1.3 


6 




Core 
particles 4 


96.3 


0.1 


0.2 


0.2 


18 


30 


Core 
particles 5 


91.6 


0.3 


1.1 


1.1 


13 




Core 
particles 6 


94 .4 


0.3 


1.3 


1.3 


320 
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Table 2 





Core 


Kind of 




Surface-treating step 




particles 


core 




Additives 


10 




• particles 


Kind 


Calculated 


Amount 












as 


(wt. %) 




Core 


Core 




Sodium 


Al 


0 . 5 


15 


particles 7 


particles 


1 


aluminate 








Core 


Core 




Aluminum 


Al 


2.0 




particles 8 


particles 


2 


sulfate 






20 


Core 


Core 




Aluminum 


Al 


2.0 




particles 9 


particles 


3 


sulfate 








Core 


Core 




Water 


Si0 2 


0.5 


25 


particles 10 


particles 


4 


glass #3 








Core j 


Core 




Sodium 


Al 


2.0 




particles 11 


particles 


5 


aluminate 
Water 


SiQ 2 


0.5 


30 








glass #3 








Core 


Core 




Water 


Si0 2 


1.0 




particles 12 


particles 


6 


glass #3 







35 
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Table 2 ^continued] 

5 





Core 
particles 


Surface-treating step 




Coating material 


10 




Kind 


Calculated 
as 


Amount 
(wt . %) 


15 


Core 
particles 7 


A 


Al 


0.49 




Core 
particles 8 


A 


Al 


1.96 


20 


Core 
particles 9 


A 


Al 


1.96 




Core 
particles 10 


S 


Si0 2 


0.48 


25 


Core 
particles 11 


A 
S 


Al 
Si0 2 


1.93 
0.47 


30 


Core 
particles 12 


S 


Si0 2 


0.98 



35 



40 



45 



5G 



55 
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Table 3 





Kind of core 
particles 


Properties of surface-treated core 
particles 


10 


Average 

diameter 
(pm) 


Sphericity 


BET 

OjJC^l J L l_ 

surface 
area 

X7FI ~\ 11 
V C* J. v_x ^ 


Specific 

yi. a v i Ly 

(-) 


15 


particles 7 


0 .022 


1.02 


186.3 


2 .20 




LUxc 


0.015 


1.28 


211.4 


2 .45 


20 


particles 8 










Core 
particles 9 


0.005 


1. 03 


296.4 


2.31 




Core 


0 . 099 


1.31 


40. 8 


3 . 60 


25 


particles 10 












Core 


0.061 


1.22 


21.9 


4.13 




particles 11 










30 


Core 
particles 12 


0.008 


1. 04 


61.2 


4.15 



35 



40 



45 



50 



55 
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Table 3 (continue) 

5 



10 


Kind of core 
particles 


Properties of surface-treated core 
particles 






Hue 


Hiding 


15 




L* 
value 
(-) 


a* 
value 
(-) 


b* 
value 
(-) 


C* 
value 
(-) 


power 
(cm 2 /g) 


20 


Core 
particles 7 


yj . jl 


0 . 1 


0.1 


0.1 


6 1 




Core 
particles 8 


94 .1 


0.2 


0.1 


0.2 


10 


25 


Core 
particles 9 


92 .0 


0.1 


1.4 


1.4 


6 




Core 
particles 10 


93 .8 


0.1 


0.3 


0.3 


21 


30 


Core 
particles 11 


91 .0 


0.4 


0.8 


0.9 


14 


35 


Core 
particles 12 


94.1 


0.6 


1.5 


1.6 


310 



40 



45 



50 



55 
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Table 4 





Organic 


Properties of organic pigments 


10 


pigments 


Kind 


Shape 










particle 
diameter 


15 


Organic 


Pigment Blue 
( ph t ha 1 ocy an in e - 


Granular 


0 . 06 


20 


Organic 


Pigment Red 
( quinacr idone- 
based pigment) 


Granular 


0 . 58 


25 


Organic 


Pigment Red 


Granular 


0.55 


pigments C 


(azo-based 
pigment) 






30 


Organic 


Pigment Yellow 


Granular 


0.74 


pigments D 


(azo-based 
pigment) 








Organic 


Pigment Green 


Granular 


0.06 


35 


pigments E 


(phthalocyanine- 
based pigment) 







40 



45 



50 



55 
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Table 4 (continued) 



Organic 
pigments 


Properties of organic Dioment-.s 


BET 

STDf^f "i f i r 

surface 
area value 
(m 2 /g) 


Specific 
y j. avi L.y 
(-) 


Hiding 
power 
(cm 2 /g) 


Light 
resistance 
(AE* 
value) 
(-) 


Organic 
pigments A 


71.6 


1.65 


630 


10.8 


Organic 
pigments B 


19.3 


1.68 


480 


14.7 


Organic 
pigments C 


18.6 


1.48 


380 


18.6 


Organic 
pigments D 


11.2 


1.85 


320 


16.3 


Organic 
pigments E 


60.5 


2 .29 


210 


9 .63 



Table 4 (contimiP^) 



Organic 
pigments 


Properties of organic pigments 


Hue 


L.* value 
(-) 


a* value 
(-) 


b* value 
(-) 


C* value 
(-) 


Organic 
pigments A 


17.7 


9.7 


-23.4 


25.4 


Organic 
pigments B 


37 .0 


51 . 9 


20. 6 


55 .8 


Organic 
picrments C 


39.3 


49 .2 


19.8 


53.0 


Organic 
pigments D 


65.4 


-6.9 


59.4 


59.8 


Organic 
pigments E 


21.8 


-18.3 


-7.4 


19 .7 



3d 
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Table 5 













Production of colorant 


10 


Examples 


Kma or core 
particles 


Coating step with gluing 
agent 












Additives 












Kind 


Amount 
added 
(wt . 


15 












part) 




Example 


6 


Core 
particles 


1 


Methyl tr iethoxysi lane 


2 . 0 




Example 


7 


Core 
particles 


2 


Methyl hydrogen 
polysiloxane 


3 . 0 


20 


Example 


8 


Core 
particles 


4 


Isopropyl 
triisostearoyl 
titanate 


3 . 0 




Example 


9 


Core 
particles 


5 


Water-soluble acrylic 
resin 


2.0 


25 


Example 


10 


Core 
particles 


6 


Dimethyl 
d ime t hoxy s i 1 an e 


1.5 




Example 


11 


Core 
particles 


7 


7- am i n opr opy 1 
triethoxysilane 


5.0 


30 


Example 


12 


Core 
particles 


8 


Methyl hydrogen 
po ly s i 1 oxane 


4.0 




Example 


13 


Core 
particles 


9 


Polyvinyl alcohol 


1.0 




Example 


14 


Core 
particles 


10 


Phenyl triethoxysilane 


6.0 


35 


Example 


15 


Core 
particles 


11 


Methyl 
tr ime thoxysi lane 


8.0 




Example 


16 


Core 
particles 


12 


Polyvinyl alcohol 


2.0 | 


40 


Example 


17 


Core 
particles 


A 


Methyl hydrogen 
polysiloxane 


4.0 




Example 


18 


Core 
particles 


A 


Menhyl hydrogen 
polysiloxane 1 


4.0 



45 



50 



55 
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Table 5 ( continue) 



Examples 


Production of colorant 


Coat ma step with aluinq acrent 


_. . Edge runner treatment 1 r^-,>_ 


Linear load 


Time 
(min) 


amount 
( calculated 
as C) 
(wt. %) 


\ in / v-in ) 


{ Kg / cm ) 




Example 6 


588 


60 


30 


0.13 


Example 7 


588 


60 


20 


0 . 79 


Example 8 


441 


45 


30 


2 . 17 


Example 9 


588 


60 


20 


0.99 


Example 10 


294 


30 


30 


0.30 


Example 11 


735 


75 


30 


r o. so 


Example 12 


294 


30 


30 


1. 05 


Example 13 


588 


60 


30 


0.54 


Example 14 


588 


60 


20 


2. 03 


Example 15 


441 


45 


20 


0. 61 


Example 16 


294 


30 


30 


1. 05 


Example 17 


588 


60 


30 


1. 06 


Example 18 


588 


60 


30 


1. 08 
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Table 5 (continued) 



Examples 


Production of colorant 


Adhesion step with orqanic pigments 


Organic pigments 


Kind 


Amount 

CL \JL \JL \^ \JL 

(wt . part) 


Kind 


Amount 
(wt. part) 


Example 6 


A 


50.0 


- 


- 


Example 7 


B 


100.0 


- 


- 


Example 8 


C 


100.0 






Example 9 


D 


100.0 






Example 10 


B 


50 . 0 


D 


70.0 


Example 11 


A 


100. 0 






Example 12 


B 


150.0 






Example 13 


B 


40.0 


A 


20.0 


Example 14 


C 


30.0 






Example 15 


D 


50 . 0 






Example 16 


E 


70.0 






Example 17 


B 


100.0 






Example 18 


D 


100. 0 
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5 

Table 5 j^ontinuedj 







Production of colorant- 


10 


Examples 


Adhesion step 


with oraanic nirmienfc 






Edqe 


runner treatmpnt 


Amount 






Linear load 


Time 


adhered 










(min) 


(calculat"p^ 


15 




viN/ cm ) 


(Kg/ cm) 




as C) 
(wt. %) 




Example 6 


588 


60 


60 


22 .14 




Example 7 


588 


60 


90 


38 .36 


20 


Example 8 


588 


60 


60 






Example 9 


588 


60 


90 


28.25 




Example 10 


392 


40 


75 


30.66 


25 


Example 11 j 


735 


75 


90 


33.19 




Example 12 


588 


60 


120 


46.03 




Example 13 


588 


60 


60 


27 .37 


30 


Example 14 


588 


60 


30 


13.37 




Example 15 


441 


45 


60 


18.81 




Example 16 


588 


60 


60 


14.88 


35 


Example 17 


588 


60 


120 


38.42 




Example 18 


588 


60 


120 j 


28 .21 



40 



45 



50 



55 
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Table 6 



Comparative 
Examples 


Kind of core 
particles 


Production of colorant 


Coating step with gluing 
agent 


Additives 


Kind 


Amount 
added 

(wt. 
part) 


Comparative 
Example 1 


Core 
particles 1 






Comparative 
Example 2 


Core 
particles 1 


Methyl triethoxysilane 


0.005 


Comparative 
Example 3 


Core 
particles 1 


Methyl triethoxysilane 


1.0 


Comparative 
Example 4 


Core 
particles 1 


Me thy 1 t r i e t hoxy s i 1 ane 


1.0 



25 

Table 6 (c ontinued) 



...Comparative 
Examples 


Production of colorant 


Coating step with gluing agent 


Edge runner treatment 


Coating 
amount 
(calculated 
as C) 
(wt. %) 


Linear load 


Time 
(min) 


(N/cm) 


(Kg/ cm) 


Comparative 
Example 1 










Comparative 
Example 2 


588 


60 


30 




Comparative 
Example 3 


588 


60 


30 


0.06 


Comparative 
Example 4 


588 


60 


30 


0. 06 



50 



55 
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Table 6 (continued) 

5 





Comparative 
Examples 




Production 


of colorant 




Adhesion step with oraanic: 


pigments 






Orqanic 


pigments 




10 




Kind 


Amount 
added 
(wt. part) 


Kind 


Amount 
added 
(wt. part) 




Comparative 
Example 1 


A 


50.0 






15 


Comparative 
Example 2 


A 


50.0 








Comparative 
Example 3 


A 


750.0 






20 


Comparative 
Example 4 


A 


0.5 







25 

Table 6 (cont i rme>rn 





Comparative 
Examples 


Production of colorant 


30 


Adhesion step with rrrrr^-i ^ niaTTierit -~ 




Edcre 


runner treatment 


Amount 






Linear load 


Time 


adhered 










(min) 


(calculated 


35 




(N/cm) 


(Kg/cm) 




as C) 
(wt. %) 




Comparative 
Example 1 


588 


60 


30 


22. 04 


40 


Comparative 
Example 2 


588 


60 


30 


22. 09 




Comparative 
Example 3 


588 


60 


30 


58.53 




Comparative 
Example 4 


588 


60 


30 


0.30 



50 



55 
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10 

Table 7 



Examples 


Properties of colorant 


Average 
particle 
diameter 

(ym) 


Sphericity 
(-) 


BET 
specific 
surface 
area 
value 
(m 2 /g) 


Specific 
gravity 
(-) 


Example 6 


0.023 


1.02 


121.2 


2 .00 


Example 7 


0.018 


1.28 


165.8 


2.04 


Example 8 


0.099 


1.32 


38.6 


2.54 


Example 9 


0.061 


1.22 


21.0 


2.98 


Example 10 


0.011 


1.05 


54.9 


2 .85 


Example 11 


0.026 


1. 02 


115.4 


1.90 


Example 12 


0.023 


1.28 


151.2 


1.97 


Example 13 


0.008 


1.04 


241.2 


2.12 


Example 14 


0.100 


1.31 


40.1 


3 .02 


Example 15 


0.062 


1.22 


20 .4 


3.25 


Example 16 


0.010 


1.05 


58.3 


3.36 


Example 17 


0.026 


1.07 


120 .9 


1.99 


Example 18 


0.026 


1.06 


117 . 6 


2.06 



45 



50 



55 
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5 



Ta ble 7 (continued) 





Examples 


Properties 


of 


colorant 


75 




Hue 




L* value 


a* value 


b 


* value 


C* value 






(-) 


<-> 




.(-) 


(-) 




I Example 6 


21.3 


8.6 


-21.3 


23 . 0 


20 




44.2 


50.8 


19.8 


54 . 5 




Example 8 


48.3 


48.6 


18.5 


52.0 




Example 9 


71.3 


-5.0 


54 . 6 


54 . 8 


25 


Example 10 


56.6 


28.9 


40.9 


50.1 




Example 11 


20.6 


8.8 


-21.8 


23 . 5 




Example 12 


41.6 


50.3 


19.3 


53.9 


30 


Example 13 


53 .3 


38.8 


-4.2 


39.1 




Example 14 


46.6 


48.0 


18.0 


51.3 




Example 15 


68.3 


-5.6 


56.6 


56.9 


35 


Example 16 


25.7 


-18.5 


-7.7 


20.0 




Example 17 


43.9 


50.8 


19.5 


54.4 




Example 18 


71.0 


-6.1 


55.3 


55.6 



40 
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Table 7 (continued) 



Examples 


Properties of colorant 


Hiding power 
(cm 2 /g) 


imting strengtn 

<%) 


Example 6 


520 


138 


Example 7 


420 


165 


Example 8 


320 


13 6 


Example 9 


220 


143 


Example 10 


490 


205 


Example 11 


560 


164 


Example 12 


440 


183 


Example 13 


480 


163 


Example 14 


260 


118 


Example 15 


180 


125 


"Example 16 


200 


142 


Example 17 


540 


157 


Example 18 


520 


155 



40 
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50 
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10 

Table 7 (continued 



15 


Examples 


Properties 


of colorant 




Light resistance 
(AE* value) 
(-) 


Degree of desorption 
of organic pigments 


20 


Example 6 


1.2 


5 


Example 7 


1.4 


5 




Example 8 


1.9 


4 




Example 9 


2.0 


4 


25 


Example 10 


2.1 


5 




Example 11 


1.0 


5 




Example 12 


1.3 


5 


30 


Example 13 


1.3 


5 




Example 14 


1.6 


5 




Example 15 


1.6 


5 


35 


Example 16 


1.1 


5 




Example 17 


1.7 


5 




Example 18 


1.9 


5 



40 



45 



50 
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Table 8 



Comparative 
Examples 


Properties of colorant 


Average 
particle 
diameter 
(Um) 


Sphericity 
(-) 


BET 
specific 
surface 
area 
value 

(m 2 /a) 


Specific 
gravity 
(-) 


Comparative 
Example 1 


0.021 


1 .02 


153 .2 


2.01 


Comparative 
Example 2 


0.021 


1.02 


148 .3 


2.01 


Comparative 
Example 3 


0.033 


1.05 


81. 6 


1.71 


Comparative 
Example 4 


0.021 


1.02 


188 .3 


2.18 


Comparative 
Example 5 


0.021 


1.02 


179 .5 


2 .01 


Comparat ive 
Example 6 


0.021 


1.02 


182 .7 


2 .13 



Table 8 (continued) 



Comparative 
Examples 


Properties of colorant 


Hue 


L* value 

<-> 


a* value 
(-) 


t>* value 
(-) 


C* value 

(-) ! 


Comparative 
Example 1 


24.6 


6.3 


-15.6 


16.8 


Comparative 
Example 2 


23 . 9 


5.8 


-17.8 


18.7 


Comparative 
Example 3 


18.1 


9.5 


-23 .0 


24.9 


Comparative 
Example 4 


48.2 


3.1 


-6.3 


7.0 


Comparative 
Example 5 


22.5 


6.5 


-15.0 


16.3 


Comparative 
Example 6 


26.4 


5.8 


-18 .9 


19.8 



41 
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Table 8 (continued) 

5 



Comparative 
Examnle^ 


Properties of colorant 


Hiding power 
(cm 2 /q) 


Tinting strength 
(%) 


Comparative 
Example 1 


480 


110 


Comparative 
Example 2 


450 


113 


Comparative 
Example 3 


620 


208 


Comparative 
Example 4 


120 


101 


Comparative 
Example 5 


540 


109 


Comparative 
Example 6 


480 


96 



Table 8 ( cont.i nn^ri) 



Comparative 
Examples 


Properties of colorant 


Light resistance 
(AE* value) 
(-) 


Degree of desorption 
of organic pigment 


Comparative 
Example 1 


8.1 


1 


Comparative 
Example 2 


7.6 


2 


Comparative 
Example 3 


6.7 


2 


Comparative 
Example 4 


1.5 




Comparative 
Example 5 


7.7 


1 


Comparative 
Example 6 


12.5 





50 
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Table 9 





Examples 


Kind of 
colorant 


Production of surface-coated 
colorant 


10 






Coating step with surfactant 
and/or polymeric dispersing 
agent 








Additives 








Kind 


Amount 
(wt. part) 


15 


Example 19 


Example 6 


Sodium dodecyl- 
benzenesulf onate 


1.0 




Example 20 


Example 7 


Sodium acrylate 


2.0 




Example 21 


Example 11 


Sodium 
laurylsulf ate 


1.0 


20 


Example 22 


Example 12 


Nonylphenyl 
polyethylene 
glycol ether 


5.0 



25 

Table 9 (continued) 



30 


Examples 


Production 


of surface-coated colorant 




Coating step with surfactant and/ or 
polymeric dispersing agent 


35 




Treating 
temperature 
(°C) 


Treating time 
(min) 


Coating 
amount 
(calculated 
as C) 
(wt . % ) 


40 


Example 19 


30 


30 


0.60 




Example 20 


30 


30 


0.71 




Example 21 


25 


20 


0.48 


45 


Example 22 


25 


30 


3.67 



so 



55 
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Table 10 



Examples 


Properties of surface-coated colorant- 


Average 
particle 
diameter 
(um) 


Sphericity 
(-) 


BET 
specific 
surface 
area 
value 

<m2/cr> 


Specific 
gravity 
(-) 


Example 19 


0.023 


1.02 


116.3 


1.99 


Example 2 0 


0. 017 


1.28 


156.2 


2. 02 


Example 21 


0.026 


1.02 


111.3 


1.89 


Example 22 


0. 022 


1.29 


138.2 


1.92 



20 



Table 10 (continued) 

25 _ 



Examples 


Properties of surface-coated colorant 


Hue 


L* value 
(-) 


a* value 
(-) 


b* value 
(-) 


C* value 
<-) 


Example 19 


21.2 


8.7 


-21.4 


23 .1 


Example 20 


43 .0 


50.0 


19.2 


53 . 6 


Example 21 


20 .4 


8.9 


-22.1 


23 . 8 


Example 22 


41.1 


49. 5 


19. 6 


53 .2 



40 



45 



50 



55 
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Table 1 0 ( continued ) 



15 


Examples 


Properties 


of surface-coated colorant 


20 




Hiding 
power 
(cm 2 /g) 


Tinting 
strength 
(%) 


Light j 
resistance 
(AE* value) 

(-) 


25 


Example 19 


53 0 


14 0 


1.1 




Example 20 


450 


163 


1.2 


30 


Example 21 


560 


161 


0.9 




Example 22 


450 


180 


1.1 



35 
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Table 11 





Examples 


Production of ink-jet printing ink 


5 




Colorant 


Colloidal silica 






Kind 


Amount blended (wt. part) 


Kind 


Amount blended (wt. part) 




Fyflmnlo o o 
CAcaiJifJit; £o 


Example 6 


5.0 


- 


- 


10 




Example 7 


5.0 


- 


- 


example 


Organic and inorganic 
composite particles obtained in 
Example 5 


5.0 


- 




15 


Example 26 


Example 8 


5.0 






Example 27 


Example 9 


5.0 




- 




Example 28 


Example 1 0 


5.0 








Example 29 


Example 11 


5.0 






20 


Example 30 


Example 12 


5.0 








Example 31 


Example 13 


5.0 








Example 32 


Example 14 


5.0 






25 


Example 33 


Example 16 


5.0 


- 






Example 34 


Example 16 


5.0 








Example 35 


Example 17 


5.0 








Example 36 


Example 18 


5.0 






30 


Example 37 


Example 19 


5.0 








Example 38 


Example 20 


5.0 








Example 39 


Example 21 


5.0 






35 L 


Example 40 


Example 22 


5.0 







Table 12 



Comparative 
Examples 


Production of ink-jet printing ink 


Colorant 


Colloidal silica 




Kind 


Amount blended (wt. 
part) 


Kind 


Amount blended (wt. 
part) 


Comparative 
Example 7 


Organic pigments A 


4.5 


Core particles 1 


10.0 


Comparative 
Example 8 


Organic pigments B 


4.5 


Core particles 1 


10.0 


Comparative 
Example 9 


Organic pigments C 


4.5 


Core particies 7 


10.0 


Comparative 
Example 10 


Organic pigments D 


4.5 


Core particles 1 


10.0 


Comparative 
Example 11 


Comparative 
Example 1 


5.0 
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Table 12 (continued) 



Comparative 
Examples 


Production of ink-jet printing ink 


Colorant 


Colloidal silica 




Kind 


Amount blended (wt. 
part) 


Kind 


Amount blended (wt. 
part) 


Comparative 
*" Fxamnip 12 


Comparative 
Example 2 


5.0 






Comparative 
Example 13 


Comparative 
Example 3 


5.0 






Comparative 
Example 14 


Comparative 
Example 4 


5.0 






Comparative 
Example 15 


Comparative 
Example 5 


5.0 






Comparative 
Example 16 


Comparative 
Example 6 


5.0 







25 



30 



35 



40 



45 



SO 
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10 


Examples 


Properties of ink-iet pr.int.inq inv 






Dispersed - 


Dispersion stabilitv 


15 




particle 
diameter 
(urn) 


Visual 
observation 
( - ) 


Percentage of 
change in 
dispersed 
particle 
diameter 

(%) 




Example 23 


0. 03 


5 


6.5 


20 


Example 24 


0. 03 


5 


6.6 




Example 25 


0. 02 


5 


6.7 




Example 2 6 


0.13 


4 


8.6 


25 


Example 27 


0. 08 


4 


9.5 


Example 2 8 


0. 02 


5 


6.4 




Example 29 


0. 03 


5 


5.8 




Example 30 


0. 02 


1 5 


6.0 


30 


Example 31 


0. 01 


5 


6.2 




Example 32 


0. 12 


4 


8.2 




Example 33 


0.09 


4 


8.7 


35 


Example 34 


0.02 


4 


9.6 




Example 35 


0.03 


5 


6.5 




Example 3 6 


0. 03 


5 


6.8 




Example 37 


0.03 


5 


4.2 


40 


Example 3 8 


0.03 | 


5 


4.6 




Example 39 


0.03 


5 


4.3 




Example 4 0 


0.03 


5 


3.9 



45 



5G 



55 
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Table 15 (continued) 



Examples 


u Properties of ink- let printinq ink 


Hue 


L* value 
(-) 


a* value 
(-) 


£>* value 
(-) 


value 
(-) 




21. 4 


8.4 


-21 .1 


22.7 


nxainp xe ^ 4± 


43.3 


48.6 


19. 0 


52.2 




57.3 


48 . 8 


19.2 


52.4 


JiXcUTipxe ZD 


48. 5 


47 . 1 


18. 1 


50. 5 


.txainpxe ^ / 


71.3 


-4.6 


54.4 


54.6 




57.1 


28.2 


40. 6 


49.4 


Example 2 9 


20.8 


8.6 


-21 .6 


23.2 


Example 30 


41.9 


49.0 


18.9 


52.5 


Example 31 


54.2 


38 .4 


-4.5 


38.7 


Example 32 


47.1 


47 .3 


17.3 


50.4 


Example 33 


68. 6 


-5.3 


56. 0 


56.3 


Example 34 


26.2 


-18.6 


-7.9 


20.2 


Example 35 


43 .0 


48.4 


19 .2 


52.1 


Example 36 


71.5 


-5.7 


55.0 


55.3 


Example 37 


21. 4 


8.1 


-21.0 


22.5 


Example 38 


44.0 


49,2 


18.7 


52.6 


Example 39 


20. 6 


8.2 


-22 .1 


23 . 6 


Example 40 


40.5 


48.9 


19.0 


52.5 



45 



50 



55 
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Table 13 (continued) 



10 


Examples 


Properties of ink- jet printinq ink 






Light resistance 

(AE* value) 

i _ \ 
\ / 


Anti -clogging 
property 
(-) 


15 


Example 23 


1.1 


5 




Example 24 


1.4 


5 




Example 25 


1.4 


5 




Example 2 6 


1.9 


4 


20 


Example 27 


1.5 


4 




Example 28 


1.9 


5 




Example 29 


0.8 


5 


25 


Example 30 


0.9 


5 




Example 31 


1.2 


5 




Example 32 


1.4 


4 


30 


Example 33 


1.5 


4 




Example 34 


1.0 


4 




Example 35 


1.2 


5 




Example 36 


1.8 


5 


35 


Example 37 


1.1 


5 




Example 38 


1.2 


5 




Example 39 


0.7 


5 


40 


Example 40 


0.9 


5 



45 



50 
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Table 14 



Comparative 
Examples 


Properties of ink- jet printing ink 


Dispersed 
particle 
diameter 
(pm) 


Di sper s i on s t abi 1 i ty 


Visual 
observation 
(-) 


Percentage of 
change in 
dispersed 
particle 
diameter 
(%) 


Comparative 
Example 7 


0 .18 


1 


20.6 


Comparative 
Example 8 


0 . 63 


1 


17 .4 


Comparative 
Example 9 


0.76 


1 


24 .0 


Comparative 
Example 10 


0.83 


1 


18 .5 


Comparative 
Example 11 


0.23 


1 


17 .2 


Compar a t i ve 
Example 12 


0.21 


1 


16 .9 


C ompar a t i ve 
Example. 13 


0.16 


2 


14 .3 


Comparative 
Example 14 


0.06 


2 


8.5 


Comparative 
Example 15 


0.15 


1 


14 .3 


Compar at ive 
Example 16 


0.09 


3 


8.4 ; 



40 



45 



50 
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Table 14 " (contirmprf) 

10 





Comparative 
Examples 


Properties of ink-net orinHnn a ~v 






Hue 


15 




J-J Value 

(-) 


a* value 
(-) 


b* value 


C* value 

/ V 

( - ) 




Comparative 
Example 7 


18 .5 


8 . 6 


-23.4 


24.9 




ComDarativ^ 
Example 8 


36,1 


49.6 


20.0 


53.5 


20 


Comparative 
Example 9 


39.0 


47 .3 


19.3 


51.1 




Comparative 
Example 10 


64.9 


-5.3 


56.2 


56.4 


25 


Comparative 
Example 11 


23 .6 


5.2 


-15.0 


15.9 




Comparative 
Example 12 i 


23.8 


4.8 


-17.1 


17.8 




Comparative 
Example 13 


18.4 


9.0 


-22. 6 


24.3 


30 


Comparative 
Example 14 


50.3 


2 . 6 


-5.4 


6.0 




Comparative 
Example 15 


23 .1 


5.5 


-14.8 


15.8 


35 L 


Comparative 
Example 16 


26 . 5 


5.3 


-18.8 ; 


19.5 



40 



45 



50 
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Table 14 (continued) 

10 



Comparative 
Examples 


Properties of ink-jet printing ink 


Light resistance 
(AE* value) 
(~) 


Ant i -clogging 
property 
(-) 


Comparative 
Example 7 


6.8 


2 


LOITipal aLlvc 

Example 8 


6.9 


1 


Comparative 
Example 9 


10.5 


1 


Comparative 
Example 10 


10.0 


1 


Comparative 
Example 11 


6.7 


2 


Comparative 
Example 12 


6.5 


2 


Comparative 
Example 13 


6.6 


2 


Comparative 
. Example 14 


1.8 


2 


Comparative 
Example 15 


7.2 


2 


Compar a t i ve 
Example 16 


19 .3 


3 



40 



45 



50 



55 
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Table 15 





Examples 
and 
Comparative 
Examples 

Example 41 


Production 


of acrueous Diompnr riicn^^^ 


10 


Colorant 


Colloidal silira 


Kind . 
Example 6 


Amount 
blended 
(wt. 
part) 


Kind 


Amount 
blended 

(wt. 
. part) 


15 


Example 42 


Organic and 


20.0 
20.0 


— 




20 


Example 43 
Example 44 


inorganic 
composite 
particles 
obtained in 
Example 5 
Example 8 
Example 9 


20 . 0 
20.0 


- 


L 


25 


Example 45 
Example 46 
cujuparative 
Example 17 


Example 10 
Example 11 

Organic 
piqment A 


20 . 0 
20.0 
10.0 


Core 
particles 1 


10.0 




Comparative 
Example 18 


Comparative 
Example 1 


20. 0 






30 


Comparative 
Example 19 


Comparative 
Example 2 


20.0 








Comparative 
Example 20 


Comparative 
Example 3 


20. 0 








Comparative 
Example 21 


Comparative 
Example 4 


20 . 0 






35 


Comparative 
Example 22 


Comparative 
Example 5 


20.0 








Comparative 
Example 23 


Comparative 
Example 6 


20 . 0 







40 



45 



50 



55 
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Table 15 (continued) 



Examples 
and 
Comparative 
Examples 


Properties of aqueous picjment dispersion 


Dispersed 
particle 
diameter 
(um) 


Dispersion stability 


Visual 
observation 
(-) 


Percentage of 
change in 
dispersed 
particle 
diameter 
(%) 


Example 41 


0.02 


5 


6.1 


Example 42 


n m 

\J • U _L 


5 


5.3 


Example 43 


0.10 


5 


6.9 


Examole 4 4 


0.06 


D 


/ . u 


Example 45 


0.01 


5 


6.0 


Example 4 6 


0.02 


5 


5.6 


Coirparat ive 
Example 17 


0.18 


1 


20.2 


Comparative 
Example 18 


0.21 


1 


17.0 


Comparative 
Example 19 


0.20 


1 


16.6 


Comparative 
Example 2 0 


0.15 


2 


14 .1 


Comparative 
Example 21 


0.06 


2 


8.4 


Compar a t ive 
Example 22 


0.12 


1 


13 .9 


C omp ar a t ive 
Example 23 


0.09 


3 


8.2 



45 



50 
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Table 16 



. 35 



Examples 
and 
Comparative 
Examples 


Production of ink- -jet printing ink 


Aqueous pigment dispprR-in n 


Kind 


Amount blended 
(wt. part) 


Example 47 


Example 41 


25.0 


Example 4 8 


Example 42 


zj. U 


Example 49 


Example 43 


25.0 




Example 44 


25.0 


Example 51 


Example 45 


25.0 


Example 52 


Example 46 


25. 0 


Comparative 
Example 24 


Comparative Example 17 


25.0 


Comparative 
Example 25 


Comparative Example 18 


25.0 


Comparative 
Example 26 


Comparative Example 19 


25. 0 


Comparative 
Example 27 


Comparative Example 20 


25.0 


Comparative 
Example 28 


Comparative Example 21 


25.0 


Comparative 
Example 29 


Comparative Example 22 


25. 0. 


Comparative 
Example 30 


Comparative Example 23 


25. 0 



40 
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Table 16 (continued) 



10 


Examples 


Properties of ink-jet printing ink 




and 


Dispersed 


Dispersion 


stability ! 


15 


Comparative 
Examples 


particle 
diameter 
(Urn) 


Visual 
observation 
(-) 


Percentage of 
change in 
dispersed 
particle 
diameter 
(%) 




Example 47 


0. 02 


5 


5.9 


20 


Example 48 


n ni 

U . Ul 


D 


D . Z 




Example 49 


0.09 


5 


6.6 




1J-A.C11 1 -L. vT. ) \J 


0.06 


5 


6.9 




Example 51 


0 . 01 


5 


5 . 8 


25 


Example 52 


0. 02 


5 


5.4 




Comparative 
Example 24 


0.17 


1 


20. 1 


30 


Comparative 
Example 25 


0.20 


1 


16.8 


Comparative 
Example 2 6 


0.19 


1 


16.5 




Comparative 
Example 27 


0.14 


2 


14. 0 


35 


Comparative 
Example 28 


0.06 


2 


8.3 




Comparative 
Example 29 


0.11 


1 


13.6 


40 


Conpara t ive 
Example 3 0 


0.08 


3 


8.1 



45 



50 



55 
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Table 16 Lconfcinued] 





Examples and 
Comparative 
Examples 


Properties of ink-iet print-inn- 






Hue 


15 


L* value 
( ) 


a* value 
(-) 


b* value 
(-1 


C* value 
(-) 




Example 47 


21.8 


8 . 6 


-21.3 


23.0 




Example 48 


57 .7 


49.0 


19.5 


52.7 


20 


Example 49 


48.8 


47 .2 


18.3 


50. 6 




Example 50 


71.5 


-4.8 


54.5 


54.7 




Example 51 


57.4 


28.4 


40.7 


49.6 


25 


Example 52 


21.1 


8.7 


-21.9 


23.6 


Comparative 
Example 24 


18.8 


8.5 


-23 .3 


24.8 




Comparative 
Example 25 


23.8 


5.3 


-14.9 


15.8 


30 


Comparative 
Example 26 


24.0 


4.8 


-17.3 


18.0 




Comparative 
Example 27 


18.5 


8.9 


-22.8 


24.5 




Compa r a t i ve 
Example 28 


50.5 


2.7 


-5.5 


6.1 


35 


Comparative 
Example 29 


23 .2 


5.7 


-14. 6 


15.7 




Comparative 
Example 30 


26.9 


5.5 


-18.5 


19.3 | 



40 



45 
50 
55 
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Table 16 (continued) 



Examples 
and 

Examples 


Properties of ink- jet printing ink 


Light resistance 
(AE* value) 
(-) 


Ant i- clogging 
property 
(-) 


Example 47 


1.0 


5 




1.3 


5 


Example 49 


1.8 


5 


Example 50 


1.4 


5 


Example 51 


1.9 


5 


Example 52 


0.8 


5 


Comparative 
Example 24 


6.7 


2 


Comparative 
Example 25 


6.6 


2 


Comparative 
Example 26 


6.4 


2 


Comparative 
Example 27 


6.4 


2 


Comparative 
Example 28 


1.7 


2 


Comparative 
Example 29 


7.0 


2 


Comparative 
Example 30 


19 .1 


3 



35 Claims 

1. A colorant suitable for ink-jet printing ink, having an average particle diameter of from 0.001 to 0.15 u/n, which 
colorant comprises an extender pigment as a core particle; 

40 a gluing agent coating layer formed on at least a part of the surface of said core particle; and 

an organic pigment coat formed on at least a part of said gluing agent coating layer. 

2. A colorant according to claim 1 , which further has a BET specific 

45 surface area value of from 15 to 500 m 2 /g; 

a specific gravity of from 1 .3 to 3.5; and 
a hiding power of less than 1 ,000 cm 2 /g. 

3. A colorant according to claim 1 or 2, wherein said gluing agent is at least one materia! selected from organosilicon 
50 compounds and coupling agents. 

4. A colorant according to any one of claims 1 to 3, wherein the amount of said organic pigment coat is from 1 to 500 
parts by weight based on 1 00 parts by weight of said extender pigment. 

55 5. A colorant according to any one of claims 1 to 4, which further comprises an outer coating layer formed on at least 
a part of said organic pigment coat, which outer coating layer comprises at least one material selected from anionic 
surfactants, nonionic surfactants, cationic surfactants and polymeric dispersing agents. 
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10 



15 



20 



25 
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35 



40 



6. A colorant according to claim 5, wherein the amount of said outer coating layer is from 0 1 to 10 0% by weiaht 
calculated as C, based on the weight of the colorant. V 9 ' 

7 ' i C H°!hf "! aCCOfdin9 10 ° ne ° f C ' aimS 1 10 6 ' Which further includes ' betw een the surface of said core particle 

rminum Lv 9 H a9en * ^ * ^ ° ne elected SSSSS 

aluminum, oxides of aluminum, hydroxides of silicon and oxides of silicon. nyaroxiaes or 

cid fhS: ei9ht ' calcu,ated as AI - Si °* or the sum °< Al £2 

9. An ink-jet printing ink comprising a colorant as defined in any one of claims 1 to 8 and an ink base solution. 

10 - r ttssr ssrtt 9 ' wherein the amount ° f said co,orant is — 1 » *> % b * w eig ht baS ed 

1 1 . An aqueous pigment dispersion comprising from 1 0 to 40% by weight of a colorant as defined in any one of claims 
1 to 8, and a base solution for the aqueous pigment dispersion. * 

1 2. An ink-jet printing ink comprising the aqueous pigment dispersion as defined in claim 1 1 , a dispersant and water. 
13 ' ^m,3prising n0r9aniC C ° mP ° Site " diameter of f ™ °-«>1 *> less than 0.01 

a white inorganic particle as a core particle; 

a gluing agent coating layer formed on at least a part of the surface of said white inorganic particle- and 

S0C oaTbv f H° rmed r ^ ' eaSt 8 Part ° f Sald 9 ' Uing a96nt COatin 9 * V '"-n amount 'from 1 to 

500 parts by weight based on 1 00 parts by weight of the white inorganic particle. 

1 4 ' ^ifSTf ° r inor 9 anic i com P° site Particle according to claim 1 2, wherein said gluing agent is at least one material 
selected from organosilicon compounds and coupling agents. material 

15. An organic or inorganic composite particle according to claim 1 3 or 1 4, wherein a coating layer comorisino at least 



45 



50 
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FIG.3 




O.l^m 



FIG.4 
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FIG.5 




FIG.6 




0.1(im 
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FIG.7 




O.lum 



FIG.8 
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FIG.10 






O.ljLim 
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